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USE IN NARCOTIC-TOLERANT PATIENTS. 
DO NOT CONFUSE DILAUDID-HP WITH 
STANDARD PARENTERAL FORMULATIONS 
OF DILAUDID OR OTHER NARCOTICS. 
OVERDOSE AND DEATH COULD RESULT. 
CONTRAINDICATIONS: DILAUDID is contra- 
indicated in patients with a known hypersensi- 
tivity to hydromorphone; in the presence of an 
intracranial lesion associated with increased 
intracranial pressure; and whenever ventilatory 
function is depressed (chronic obstructive pul- 
monary disease, cor pulmonale, emphysema, 
kyphoscoliosis, status asthmaticus). 

DILAUDID-HP is contraindicated in patients 
who are not already receiving large amounts 
of parenteral narcotics and in obstetrical 
analgesia. 

WARNINGS: 

Drug Dependence: DILAUDID can produce 
drug dependence of the morphine type and 
therefore has the potential for being abused. 
Psychic dependence and physical dependence 
and/or tolerance may develop upon repeated 
administration of DILAUDID. It should be pre- 
scribed and administered with the same 
degree of caution appropriate to the use of 
morphine. Since DILAUDID-HP is indicated for 
use in patients who are already tolerant to and 
hence physically dependent on narcotics, 
abrupt discontinuance in the administration of 
DILAUDID-HP is likely to result in a withdrawal 
syndrome (see Drug Abuse and Dependence). 

Infants born to mothers physically depen- 
dent on DILAUDID will also be physically 
dependent and may exhibit respiratory diffi- 
culties and withdrawal symptoms (see Drug 
Abuse and Dependence). 

Impaired Respiration: Respiratory depres- 
sion is the chief acute hazard of DILAUDID. 
Respiratory depression occurs most frequently 
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decrease pulmonary ventilation. 

Head Injury and Increased Intracranial Pres- 
sure: The respiratory depressant effects of 
DILAUDID with carbon dioxide retention and 
secondary elevation of cerebrospinal fluid pres- 
sure may be markedly exaggerated in the pres- 
ence of head injury, other intracranial lesions, 
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Narcotic analgesics including DILAUDID may 
produce effects which can obscure the clinical 
course and neurologic signs of further increase 
in pressure in patients with head injuries. 
Hypotensive Effects: Narcotic analgesics, 
including DILAUDID, may cause severe hypo- 
tension in an individual whose ability to main- 
tain his/her blood pressure has already been 
compromised by a depleted blood volume, or 
a concurcurrent administration of drugs such 
as phenothiazines or anesthetics (see also 
Precautions—Drug Interaction). DILAUDID 
may produce orthostatic hypotension in ambu- 
latory patients. 

DILAUDID-HP should be administered with 
caution to patients in circulatory shock since 
vasodilation produced by the drug may further 
reduce cardiac output and blood pressure. 
Acute Abdominal Conditions: The adminis- 
tration of narcotics may obscure the diagnosis 
or clinical course of patients with acute 
abdominal conditions. 

PRECAUTIONS: 
General: Because of its high concentration, 
the delivery of precise doses of DILAUDID-HP 


may be difficult if low doses of hydromorphone 
are required. Therefore, DILAUDID-HP should 
be used only if the amount of hydromorphone 
required can be delivered accurately with this 
formulation. 

In general, narcotics should be given with 
caution and the initial dose should be reduced 
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severe impairment of hepatic, pulmonary or 
renal function; myxedema or hypothyroidism; 
adrenocortical insufficiency (e.g., Addison's 
Disease): CNS depression or coma; toxic psy- 
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presumed to be receiving a narcotic to which 
he or she exhibits tolerance and the initial 
dose of DILAUDID-HP selected should be 
estimated based on the relative potency of 
hydromorphone and the narcotic previously 
used by the patient. 

Convulsive Disorders: DILAUDID may 
aggravate preexisting convulsions in patients 
with convulsive disorders. 

Biliary Tract Surgery: Narcotic analgesics 
including DILAUDID should also be used with 
caution in patients about to undergo surgery 
of the biliary tract since it may cause spasm of 
the sphincter of Oddi. 

Cough Reflex: DILAUDID suppresses the 
cough reflex; as with all narcotics, caution 
should be exercised when DILAUDID is used 
postoperatively and in patients with pulmonary 
disease. 

Usage in Ambulatory Patients: Narcotics 
may impair the mental and/or physical abili- 
ties required for the performance of poten- 
tially hazardous tasks such as driving a Car or 
operating machinery; patients should be cau- 
tioned accordingly. 

Drug Interactions: The concomitant use of 
other central nervous system depressants 
including sedatives or hypnotics, general 
anesthetics, phenothiazines, tranquilizers and 
alcohol may produce additive depressant 
effects. Respiratory depression, hypotension 
and profound sedation or coma may occur. 
When such combined therapy is contem- 
plated, the dose of one or both agents should 
be reduced. Narcotic analgesics, including 
DILAUDID, may enhance the action of neuro- 
muscular blocking agents and produce an 
increased degree of respiratory depression. 
PREGNANCY -—CATEGORY C: 

Human: Adequate animal studies on repro- 
duction have not been performed to determine 
whether hydromorphone affects fertility in 
males or females. There are no well-controlled 
studies in women. Reports based on market- 
ing experience do not identify any specific ter- 
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clinical use. Although there is no clearly 
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(see Labor and Delivery and Drug Abuse and 
Dependence). 
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traindicated in Labor and Delivery (see Contra- 
indications section). As with all narcotics, 
administration of DILAUDID to the mother 
shortly before delivery may result in respira- 
tory depression in the newborn, especially if 
higher doses are used. 

Nursing Mothers: Low levels of narcotic anal- 
gesics have been detected in human milk. As 
a general rule, nursing should not be under- 
taken while a patient is receiving DILAUDID 
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since it, and other drugs in this class, may be 
excreted in the milk. 

Pediatric Use: Safety and effectiveness in 
children have not been established. 

FD&C Yellow No. 5: Certain dosage forms of 
DILAUDID contain FD&C Yellow No. 5 (tartra- 
zine) dye which may cause allergic-type reac- 
tions (including bronchial asthma) in certain 
susceptible individuals. Although the overall 
incidence of FD&C Yellow No. 5 (tartrazine) 
dye sensitivity in the general population is low, 
it is frequently seen in patients who also have 
aspirin hypersensitivity. 

DRUG ABUSE AND DEPENDENCE 

Narcotic analgesics may cause psychological 
and physical dependence (see Warnings). 
Physical dependence results in withdrawal 
symptoms in patients who abruptly discon- 
tinue the drug. Withdrawal symptoms also 
may be precipitated in the patient with physi- 
cal dependence by the administration of a 
drug with narcotic antagonist activity, e.g., nal- 
oxone (see Overdosage). Physical depen- 
dence usually does not occur to a clinically 
significant degree until after several weeks of 
continued narcotic usage. Tolerance, in which 
increasingly large doses are required in order 
to produce the same degree of analgesia, is 
initially manifested by a shortened duration of 
analgesic effect, and subsequently, by de- 
creases in the intensity of analgesia. 

In chronic pain patients in whom narcotic 
analgesics including DILAUDID are abruptly 
discontinued, a severe abstinence syndrome 
should be anticipated. 

ADVERSE REACTIONS: 

The adverse effects of DILAUDID are similar 
to those of other narcotic analgesics and rep- 
resent established pharmacological effects of 
the drug class. 

ADVERSE EVENTS OBSERVED WITH 
NARCOTIC ANALGESICS: 

General and CNS: Dysphoria, euphoria, 
sedation, drowsiness, weakness, headache, 
agitation, tremor, uncoordinated muscle move- 
ments, alterations of mood (nervousness, 
apprehension, depression, floating feelings, 
dreams), muscle rigidity, paresthesia, muscle 
tremor, blurred vision, nystagmus, diplopia 
and miosis, transient hallucinations* and dis- 
orientation, visual disturbances, insomnia and 
increased intracranial pressure may Occur. 

*Hallucinations, although unusual with pure 
agonist narcotics, have been observed in one 
patient following both a 6 mg and a 4 mg 
DILAUDID-HP dose. 

Cardiovascular: Flushing of the face, chills, 
tachycardia, bradycardia, palpitation, faint- 
ness, syncope, hypotension and hypertension 
have been reported. Circulatory depression, 
peripheral circulatory collapse and cardiac 
arrest have occurred after rapid intravenous 
injection. 

Respiratory: Respiratory depression, bron- 
chospasm, laryngospasm have been reported. 
Gastrointestinal: Dry mouth, constipation, 
biliary tract spasm, anorexia, diarrhea, cramps 
and taste alterations have been reported. 
Nausea and vomiting occur more frequently in 
ambulatory than in recumbent patients. Opi- 
ate agonist-induced increase in intraluminal 
pressure may endanger surgical anastomosis. 
Genitourinary: Urinary retention or hesitancy 
and antidiuretic effects have been reported. 
Dermatologic: Pruritus, urticaria, other skin 
rashes, wheal and flare over the vein with 
intravenous injection, and diaphoresis have 
been reported with narcotic analgesics. 
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£ 7 a trusted hemostatic 
P aid, is now available 
Æ / ina pump spray form— 
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j ‘f easy application. With the 
~ new THROMBOSTAT pump, 
you can achieve hemostasis 
in seconds over large body surface 
areas. Each depression of the 
Sect Ai pump offers an even distribution 

of THROMBOSTAT solution AMA Wing uniform hemostasis of the total area. 
~es The THROMBOSTAT pumpis available in a convenient sterile kit that features 

= a 20,000-unit vial of THROMBOSTAT (a practical size for procedures involving 
capillary bleeding), an appropriate measure of diluent, and a pump sprayer 
cap. The kit offers sterile packaging—permitting the entire contents to be 
brought directly into the sterile field. With the new THROMBOSTAT kit, 
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THROMBOSTAT™ (THROMBIN, USP)( Bovine Origin) 

Before prescribing, please see full prescribing information. A Brief 
Summary follows: 

Thrombostat must not be injected! Apply on the surface of bleeding 
tissue as a solution or powder. 


INDICATIONS AND USAGE: Thrombostat (Thrombin, USP) is indi- 
cated as an aid in hemostasis wherever oozing blood from capillaries 
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In various types of surgery solutions of Thrombostat may be used 
in conjunction with Absorbable Gelatin Sponge, USP for hemostasis. 
CONTRAINDICATIONS: Thrombosiat is contraindicated in persons 
known to be sensitive to any of its components and/or to material of 
bovine origin. 

WARNING: Because of its action in the clotting mechanism, Throm- 
bostat must not be injected or otherwise allowed to enter large blood 
vessels. Extensive intravascular clotting and even death may result. 
Thrombostat is an antigenic substance and has caused sensitivity 
and allergic reactions when injected into animals. 


established. 


ADVERSE REACTIONS: An allergic type reaction following the use of 
Thrombostat for treatment of epistaxis has been reported. Febrile 
reactions have also been observed following the use of Thrombostat 
in certain surgical procedures but no cause-effect relationship has 
been established. 
DOSAGE AND ADMINISTRATION: General: Solutions of Thrombostat 
may be prepared in sterile distilled water or isotonic saline. The 
intended use determines the strength of the solution to prepare. For 
general use in plastic surgery, dental extractions, skin grafting, 
neurosurgery, etc, solutions containing approximately 100 units per 
ml are frequently used. For this, 10 ml of diluent added tc the 1000 unit 
package is suitable. Where bleeding is profuse, as from cut surfaces 
of liver and spleen, concentrations as high as 1000 to 2000 units per ml 
may be required. For this the 5000 unit vial dissolved in 5ml or 2.5 ml 
respectively, of the diluent supplied in the package is convenient. 
Intermediate strengths to suit the needs of the case may be prepared 
by selecting the proper strength package and dissolving the contents 
in an appropriate volume of diluent. In many situations, it may be 
advantageous to use Thrombostat (Thrombin, USP) in dry form on 
oozing surfaces. 
Caution: Solutions should be used the day they are prepared. The 
solution may be used for up to 6 hours when stored at room tempera- 
ture; up to 24 hours when stored under refrigeration, and, if neces- 
sary, up to 48 hours when stored frozen. 

The following techniques are suggested for the topical application 
of Thrombostat. 
l. The recipient surface should be sponged (not wiped) free of blood 
before Thrombostat is applied. 
2. A spray may be used or the surface may be flooded using a sterile 
syringe and small gauge needle. The most effective hemostasis 
results when the Thrombostat mixes freely with the blood as soon as 
it reaches the surface. 
3. In instances where Thrombostat in dry form is needed. the vial is 
opened by removing the metal ring by flipping up the plastic cap 
and tearing counterclockwise. The rubber-diaphragm cap may be 
easily removed and the dried Thrombostat is then broken up into 
a powder by means of a sterile glass rod or other suitable sterile 
instrument. 
4. Sponging of treated surfaces should be avoided in order that the 
clot remain securely in place. 

Thrombostat may be used in conjunction with Absorbcble Gelatin 
Sponge, USP as follows: 
l. Prepare Thrombostat solution of the desired strength. 
2. Immerse sponge strips of the desired size in the Thrombostat solu- 
tion. Knead the sponge strips vigorously with moistened gloved fin- 
gers to remove trapped air, thereby facilitating saturation of the 
sponge. 
3. Apply saturated sponge to bleeding area. Hold in place for 10 to 15 
seconds with a pledget of cotton or a small gauze sponge. 
Thrombostat Kit: Thrombostat Kit contains one sterile 20,000 unit vial 
of Thrombostat, one sterile vial of Isotonic Saline Diluent, and one 
sterile pump sprayer cap. The Kit may be used as follows: 
1. Remove the Tyvek blister lid by pulling up at the indicated corner. 
The sterile inner tray can be lifted out or introduced into the operat- 
ing field. 
2. The cover to the sterile inner tray is removed by pulling up on 
the finger tab, exposing the sterile contents. 
3, Thrombostat solution of the desired strength is prepared and the 
pump sprayer car inserted and seated on the Thrombostat solution 
vial. Note: Several strokes of the pump sprayer will be required 
before the Thrombostat solution is expelled. 
4. Alternatively, when Thrombostat in dry form is needed, the vial is 
opened as described above and the dried Thrombostat broken up 
into a powder by means of a sterile glass rod or other suitable sterile 
instrument. 4173G014 


PARKE-DAVIS 


Division of Warner-Lambert Company 
Morris Plains, New Jersey 07950 










CHANGE OF 
ADDRESS? 





SUBSCRIPTION 
INQUIRIES? 


To notify us that 
your address has { 
changed, or to make | 
subscription inquiries, 
subscribers should call 
toll free 
1-800-638-3030 


For speedy service, 4 
refer to the number 
appearing above your 
name on your 
address label. 


J.B. Lippincott Company 
Subscriber Service Dept. 
Downsville Pike, Route 3 

Box 20-B 

Hagerstown, Maryland 

21740 







a July 1988 Vol. 208, No. 1 
Continued 
65 91 
j Effects of a Stable Prostacyclin Analog on Can Clinical Evaluation and Noninvasive 
Experimental Ischemic Acute Renal Failure Testing Substitute for Arteriography in the 
Masanori Tobimatsu, M.D., Yuji Ueda, M.D., Evaluation of Carotid Artery Disease? 
(A Shoichiro Saito, M.D., Toshiro Tsumagari, M.D., Wesley S. Moore, M.D., Stanley Ziomek, M.D., 
Kohki Konomi, M.D., F.A.C.S., Fukuoka, Japan 





71 

Pancreatitis-induced Acute Lung Injury: An 

ARDS Model 

Karen S. Guice, M.D., Keith T. Oldham, M.D., Kent 
J. Johnson, M.D., Robin G. Kunkel, M.S., Melvin L. 
Morganroth, M.D., Peter A. Ward, M.D., Ann Arbor, 
Michigan 


78 

Decreased Neutrophil Thromboxane A, and 
Endothelial PGI, Production in the 
Postoperative Period: An Jn Vitro Assay for 
Detection of Neutrophil and Plasma 
Dysfunction 

Michael M. Krausz, M.D., F.A.C.S., Zipora 
Hartzstark, M.Sc., Zipora Shlomai, M.Sc., Diza Gross, 
Ph.D., Yacov Matzner, M.D., Amiram Eldor, M.D., 
Israel Vlodavsky, Ph.D., Hannah Ben Bassat, Ph.D., 
Jerusalem, Israel 


85 

The Association of Central Retinal Artery 
Occlusion and Extracranial Carotid Artery 
Disease 

Daniel J. Douglas, M.D., James J. Schuler, M.D., Dale 
Buchbinder, M.D., Bruce C. Dillon, M.D., D. Preston 
Flanigan, M.D., Chicago, Illinois 


William J. Quiñones-Baldrich, M.D., Herbert I. 
Machleder, M.D., Ronald W. Busuttil, M.D., Ph.D., 
J. Dennis Baker, M.D., Los Angeles, California 


95 

The Effects of Complement Activation 
During Cardiopulmonary Bypass: 
Attenuation by Hypothermia, Heparin, and 
Hemodilution 

Francis D. Moore, Jr., M.D., Kenneth G. Warner, 
M.D., Samar Assousa, B.A., C. Robert Valeri, M.D., 
Shukri F. Khuri, M.D., Boston, Massachusetts 


104 

Improved Quality of Life after Distal 
Splenorenal Shunt: A Prospective 
Comparison with Side-to-Side Portacaval 
Shunt 

Giampaolo Spina, M.D., Roberto Santambrogio, 
M.D., Enrico Opocher, M.D., Fabrizio Galeotti, M.D., 
Giovanni Cucchiaro, M.D., Mario Strinna, M.D., 
Giuseppe Pezzuoli, M.D., Milan, Italy 


110 

Assessment of the Intrinsic Contractile 
Status of the Heart During Sepsis by 
Myocardial Pressure-dimension Analysis 
Michael K. Pasque, M.D., Peter Van Trigt, M.D., 
Gary L. Pellom, M.S., Bruce M. Freedman, M.D., 
Andrew S. Wechsler, M.D., St. Louis, Missouri 


118 
Book Reviews 


i 


Do you really think , 


she’s going to sit still for 





Hemorrhoid Case Study #2 


Patient: Attorney, age 32. 


Symptoms: Recurrent painless bleeding since 
third trimester of normal, full-term pregnancy. 


Diagnosis: Two Grade 3 mixed hemorrhoids in 
right anterior and posterior positions. 


Treatment: Patient’s work and child care schedule 
precluded compliance with prescribed treatment of 
sitz baths and suppositories three times a day. A 
decision was made to use ULTROID. Two ten-min- 
ute treatments at 10 milliamps each were applied. 
Patient tolerated milliamperage well and reported 
no pain during or after treatment. 


Result: Patient reported no disruption to her work - 
schedule or lifestyle. Subsequent postprocedure 
follow-up indicated successful results. 


INational Center for Health Statistics for 1985. 
A complete list of clinical evaluators is available upon request. 
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Hemorrhoids: A Problem Worth Solving. 
The evidence is overwhelming. Every year 
123,000 Americans undergo painful hemorrhoid- 
ectomues. ' Millions more suffer from symptoms 
of itching, bleeding, and tissue prolapse through 
the rectum. 


Patients with symptomatic hemorrhoids want 
immediate relief and a real solution. 


ULTROID™: A Clinically Proven Solution. 
Now with ULTROID, Microvasive® introduces 
the future of nonsurgical hemorrhoid manage- 
ment. It is a monopolar, low-voltage treatment 
modality, clinically evaluated on hundreds of 
patients. ULTROID works biochemically at the 
feeding vasculature of the hemorrhoid’s base. 

It leaves no visible ulceration or scarring. 


ULTROID: Safe, Painless, and Effective. 
ULTROID is the only modality that works on all 
four grades of symptomatic internal and mixed 
hemorrhoids. It works without cauterization, 
without burning. It can be used in your office, 
without special patient preparation or anes- 
thesia. And, with ULTROID, patients experience 
no postprocedure pain or lifestyle disruption. 


ULTROID: The New Treatment of Choice. 


For more information on this new hemorrhoid 
treatment, our physician-moderated seminars, 
and product monograph, write or call our 
PHYSICIAN INFORMATION SERVICE, 
800-225-3226. 
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The Future of Hemorrhoid Management 


Wa MICRO’ 
VASIVE 


480 Pleasant Street 
Watertown, MA 02272 
Toll Free (800) 225-3226 





th 


July 1988 
Volume 208, Number 1 








What’ New 
In General Surgery 


Cancer Cachexia 


Annals of 
Surgery 





Despite recent advances in the delivery of nutritional support, 
cachexia continues to contribute to the morbidity and mortality 
of cancer patients. This impasse has called for a review of the 
many factors that are believed to be associated with weight loss 
in the cancer host. This article reviews the topic with a view to 
past problems and areas for investigation in the future. 


_ malignant disease lose weight,! and a propor- 

tion become emaciated to the extent that they 

appear to die of starvation.” This syndrome is known as 
cancer cachexia and represents one end of a broad spec- 
trum of nutritional abnormalities observed in the cancer 
patient. The term cachexia is derived from the Greek 
words kakos, meaning “‘bad,” and hexis, meaning 
“condition.” Patients with cancer cachexia are charac- 
terized by the presence of anorexia, early satiety, severe 
weight loss, weakness, anemia and edema.* The impor- 
tance of gross cachexia as a major factor contributing to 
the morbidity and mortality of cancer patients is clearly 
established.” However, recent data also point to an as- 
sociation between even minor weight loss and a short- 
ened duration of survival. Indeed, the prognostic effect 
of weight loss may be greatest in patients with a more 
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favorable prognosis—that is, good performance status 
or limited tumor spread.’ This suggests a very subtle 
relationship between nutritional status and the outcome 
of malignant disease. 

Clearly the best way to resolve the nutritional and 
metabolic abnormalities resulting from the growth of a 
tumor is the removal of the tumor.* However, for the 
majority of solid epithelial malignancies, once the 
tumor has spread beyond the organ of origin, neither 
chemotherapy, radiotherapy, nor surgery will effect a 
cure and may even worsen the nutritional deficit of the 
patient.” Thus, although the search continues for more 
effective antineoplastic therapy, attention has been fo- 
cused on supportive measures to reduce the morbidity 
and mortality which result from the nutritional prob- 
lems associated with progressive tumor growth. 

With the advent of fine-bore nasogastric feeding and 
safe total parenteral nutrition, the past two decades have 
seen intensive investigation of the role of nutritional 
support in cancer patients. In the first instance. nonran- 
domized studies suggested an improved response to 
chemotherapy when depleted cancer patients were con- 
currently given chemotherapy.”° in contrast. prospec- 
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tive studies over a wide range of malignancies have 
failed to show an improved tolerance (i.2., a reduction in 
gastrointestinal upset, myelosuppression, or sepsis) or 
an increased response to chemotherapy in those ran- 
domized to parenteral hyperalimentation as opposed to 
voluntary oral intake.'''? Survival, likewise, has not 
been improved. Similar findings have been obtained 
with radiotherapy.'*’> 

In contrast to these disappointing results, a recent 
collective review has suggested that the chances of oper- 
ative mortality are reduced by 50%, as are the chances of 
serious postoperative complications in patients with 
upper gastrointestinal malignancy given preoperative 
total parenteral nutritional support.!° It has been sug- 
gested that the response of the cancer host to conven- 
tional nutritional supplementation may be subopti- 
mal.!”!® Moreover, the precise nutritional requirements 
of cancer patients are not clearly established.!? The re- 
sults of the above study do, however, suggest that nutri- 
tional intervention in the cancer host may be of measur- 
able clinical benefit. This must surely act as a spring 
board for further research in gaining a greater under- 
standing of the mechanisms of weight loss in cancer 
patients so that intervention may be more specific and 
perhaps more effective. 

In spite of the vast literature on the subject, the mech- 
anisms by which tumors produce the symptoms of ca- 
chexia remain unknown, and this is mainly due to a lack 
of systematic studies of the problem. The techniques 
available for use in human studies are severely limited 
by ethical considerations, and it is only recently that 
suitable animal models of cachexia have become avail- 
able.” Despite substantial interindividual variation, pa- 
tient studies have been carried out on small numbers, 


and often the results are not generally applicable. Fur- | 


thermore, many patients have already undergone some 
form of therapy or are at different stages in the develop- 
ment of cachexia. Comparisons between studies is, 
therefore, often impossible, and the literature is replete 
with confusing and contradictory results. 

In general, loss or gain of body mass is due to an 
imbalance between energy intake and energy expendi- 
ture. The aim of much clinical research has been to 
determine whether it is an increased energy expenditure, 
a reduced food intake, or a combination of the two that 
leads to weight loss in the majority of cancer patients. 
Numerous studies have documented abnormalities of 
host metabolism which together indicate that cancer ca- 


chexia is not the same as simple starvation.*! The re- 


mainder of this article will discuss the mechanisms that 
might contribute either to decreased food intake or in- 
creased energy expenditure in the cancer host, and assess 
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the importance of either phenomenon in the genesis of 
weight 1 ss. 


Reduced Food Intake 


Numevzous clinical factors can easily be identified that 
may con-ribute to the development of anorexia and re- 
duced food intake in cancer patients. These include in- 
testinal obstruction, radiotherapy, and chemotherapy- 
induced nausea and vomiting, altered taste-sensitivity, 
oral ulceration, depression, and anxiety. However, some 
patients can be profoundly anorexic for no identifiable 
physical cr psychological reason. In this group of pa- 
tients, reference to postulated normal mechanisms of 
appetite control has revealed several possible mecha- 
nisms of anorexia. 

Under normal circumstances, appetite is believed to 
be regulated both by long- and short-term feedback sys- 
tems. Numerous signals have been implicated in the 
short-term control of appetite. These include changes in 
blood gluccse, free fatty acid, and amino acid concen- 
trations, altered neuronal activity as a result of disten- 
sion of the gastrointestinal tract or alterations in the 
concentrations of various hormones such as insulin, 
glucagon, bembesin, and cholecystokinin.” Alterations 
in blood glucose, free fatty acid, and amino acid kinetics 
have been documented in cancer patients,” and it is 
possible that these changes contribute to the develop- 
ment of anorexia with weight loss. Moreover, it is clear 
that abnormel neuronal or hormonal signals from the 
gastrointestinal tract might arise as a result of involve- 
ment by the malignant process and thus contribute to . 
anorexia. It hes also been proposed that decreased bind- 
ing of tryptopaan to albumin in the cancer host might 
increase the precursor pool for cerebral serotonin syn- 
thesis.” Increésed serotonin turnover has been corre- 
lated with the onset of anorexia in rodent models of 
cancer cachex.a.? Thus, abnormal host metabolism 
might directly influence neurotransmitter concentra- 
tions in the hypothalamic appetite centers. However, the 
precise role of any of these potential mechanisms of 
anorexia in cancer patients remains to be defined. 

There are twc major and fairly basic obstacles to de- 
termining whether any or all of these potential mecha- 
nisms contribute to the development of anorexia and 
reduced food intake. First is the substantial intra- and 
interindividual variation in food intake that exists even 
in normal individuals. Second is our current inability to 
document accuretely food intake in the clinical setting. 
Using diet histories and observed intakes, there have 
been found markedly reduced food intakes in patients 
with cancer cachexia.”*?’ However, since these individ- 
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uals were already severely wasted, it is unclear whether 
the anorexia is causing the cachexia or vice versa. In 
contrast, when patients have been studied during the 
early phase of weight loss, a reduction in food intake has 
not been observed.”* Rather than indicate that anorexia 
has no role in the initiation of weight loss, this may 
merely reflect the errors of the methods and the rela- 
tively small reduction in daily food intake that would be 
required to initiate the appropriate negative energy bal- 
ance. 


Increased Energy Expenditure 


Whether or not food intake is reduced, an increased 
energy expenditure might account for the rapid weight 
loss and other symptoms of cachexia in cancer patients. 
Numerous investigators have used indirect calorimetry 
to determine whether the resting energy expenditure of 
patients with cancer is elevated. Lindmark and co- 
workers? and Macfie and colleagues’? both demon- 
strated that the resting energy expenditure of patients 
with disseminated malignancy is increased by 5-20% 
when compared with controls. In contrast, studies in our 
own laboratory?! have suggested that there is no differ- 
ence between the resting energy expenditure of large 
groups of patients with either lung, colon, or gastric 
cancer and that of noncancer controls. Yet another 
study” has suggested that approximately one third of 
cancer patients are hypermetabolic, one third are nor- 
mal, and one third are hypometabolic. However, even a 
“normal” rate of energy expenditure would be inappro- 
priate in the semistarving cancer host, since the normal 
adaptive response to reduction in energy intake is a de- 
crease in energy expenditure. 

The mechanisms whereby the energy expenditure of 
some cancer patients 1s increased or at least fails to adapt 
to the semistarving state are unknown. One proposal is 
that energy-dependent metabolic cycles such as protein 
turnover and the glucose lactate cycle (Cori cycle) are 
increased. However, the relation between these abnor- 
malities and the metabolic rate, increased or otherwise, 
is not clear. Although some investigators have found a 
correlation between increased Cori cycle activity and 
weight loss,” other workers have failed to do so.” Simi- 
larly, whole body protein turnover has been shown to be 
elevated in some groups of cancer patients? but not in 
others.*’ Studies in our own laboratory indicate that al- 
though rates of whole body protein turnover may be 
elevated in lung or colorectal cancer patients, this is not 
necessarily associated with an increase in resting energy 
expenditure.” Thus, as yet, it is unclear whether the 
weight loss of cancer patients is primarily due to reduced 
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food intake, increased energy expenditure, or a combi- 
nation of the two. Moreover, the mechanism of any 
proposed elevation of energy expenditure is not estab- 
lished. 

The reasons for abnormalities of protein, fat, carbo- 
hydrate, and energy metabolism that have been docu- 
mented in the cancer host are unknown. Indeed, it is not 
even clear if the observed changes form a consistent 
pattern such that all cases of cancer cachexia can be 
classified as a single syndrome. Cachexia can arise in 
tumors when a tumor is less than 0.01% of host weight,” 
yet some patients with very large tumours show no sign 
of cachexia.*® Thus it is unlikely that the metabolic de- 
mands of the tumor constitute a significant drain on 
host metabolism. An alternative theory is that tumors 
produce small molecular weight peptides that are capa- 
ble of altering the activity of various host enzymes. Be- 
cause this occurs in a random manner, a state of meta- 
bolic chaos is produced.*! However, although human 
tumors are known to be capable of both exocrine” and 
autocrine*? secretion of polypeptides, no tumor-specific 
product has yet been shown to be responsible for the 
metabolic defects that are thought to contribute to ca- 
chexia. 

It has also been suggested that some of the metabolic 
abnormalities in cancer cachexia are similar to those 
observed in trauma and sepsis.”' The loss of body fat and 
protein in patients with trauma or sepsis is thought io 
result from a combination of altered hormone profiles 
superimposed on semistarvation.** Many of the meta- 
bolic events of trauma or sepsis, such as hyperglycemia 
and increased nitrogen loss, can be reproduced by a 
combined infusion of glucagon, cortisol, and adrena- 
lin.** However, several aspects, such as fever and pro- 
duction of acute phase proteins, are not observed follow- 
ing such an infusion. The latter phenomena may be due 
to peptide cytokines such as Interleukin I and tumor 
necrosis factor, which are produced by inflammatory 
cells in response to injury and infection.“ Moreover, 
these mediators may enhance net triglyceride mobiliza- 
tion from adipose tissue*”*® and amino acid release from 
skeletal muscle.*? Thus the inflammatory response and 
the release of these mediators may be a key component 
in the events leading to body wasting associated with 
disease. Initial studies on a heterogeneous group of 
cancer patients have, however, failed to demonstrate 
elevated serum concentrations of tumor necrosis fac- 
tor. Nevertheless, it is possible that such factors act 
mainly in a paracrine rather than an endocrine manner. 
The hypothesis that some of the metabolic abnormali- 
ties in cancer cachexia are due to mediators of the in- 
flammatory response remains to be examined in detail. 
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In summary, the anorexia-cachexia syndrome con- 


tinues to be a very difficult problem in the management 
of cancer patients. Despite the vast literature that exists 
on the subject, the etiology of this syndrome is not 
clearly established. Reduced food intake and abnormal 
host metabolism are thought to be major factors leading 
to cachexia. However, the extent to which either of these 
factors are present in any one group of patients is un- 
known as are the mechanisms whereby anorexia or ab- 
normal host metabolism develop. The aim of future 
clinical research must be to build on the limited benefits 
of conventional nutritional support through a greater 
understanding of the mechanisms of wasting in the 
cancer host. 
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Metabolic Effects of Recombinant Human Growth 
Hormone in Patients Receiving Parenteral Nutrition 





THOMAS R. ZIEGLER, M.D., LORRAINE S. YOUNG, R.D., M.S., JAMES McK. MANSON, F.R.C.S., 


and DOUGLAS W. WILMORE, M.D. 


Recombinant himan methiony] growth hormone (Protropin®) 


(Genetech, Inc., San Francisco, CA) administered to normal 
volunteers receiving hypocaloric parenteral nutrition mini- 
mized weight loss and induced positive nitrogen balance. To 
evaluate whether growth hormone (GH) can promote anabo- 
lism in surgical patients, 11 stable malnourished individuals 
were studied. In the initial trial, subjects received a constant 
parenteral infusion of a hypocaloric diet that provided approxi- 
mately 1100 kcal/24 hr and 1.3 g protein/kg/24 hr for at least 
2 weeks. During 1 week, GH 10 mg was given subcutaneously 
daily, whereas the other week served as the control. Daily 
balance studies demonstrated that administration of GH re- 
sulted in significant retention of nitrogen (+3.4 g/24 h) and 
phosphorus (+218 mg/24 h), despite provision of only 60% of 
caloric requirements. With GH, serum blood urea nitrogen 
(BUN) and potassium fell, whereas glucose and insulin tended 
to rise, and levels of insulin-like growth factor 1 increased 
three to fourfold. Weight gain occurred with GH and was as- 
sociated with positive mineral and water balance. Six patients 
received GH (10 mg subcutaneously daily) for 13~25 consecu- 
tive days after an initial control week. Significant nitrogen and 
phosphorus retention occurred over the entire period of GH 
administration, and no significant side effects were observed. 
In these depleted patients, GH caused significant and sus- 
_ tained nitrogen retention over a wide range of nutritional sup- 
port. GH appears to enhance the efficacy of parenteral nutri- 
tion in stable individuals requiring repletion of body protein. 


EGATIVE NITROGEN BALANCE and erosion of 
N the lean body mass are characteristic responses 
that occur after operation, injury, and infec- 
tion.'!-> The accelerated net breakdown of protein is at- 
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tenuated by the administration of adequate quantities of 
energy, protein, and other essential nutrients; in the crit- 
ically ill patient, this administration of nutrients is 
usually accomplished by the intravenous infusion of a 
hypertonic nutrient solution via a central venous cath- 
eter. 

Central venous parenteral nutrition has greatly im- 
proved the care of the severely ill patient. Because body 
weight is usually stabilized and nitrogen balance esti- 
mates frequently approach equilibrium, it is commonly 
assumed that the erosion of the lean body mass-——the 
functional and structural components of the body—is 
prevented by such nutritional support. However, a vari- 
ety of investigators using newer assessment methodolo- 
gies have studied hospitalized patients receiving “‘opti- 
mal” parenteral nutrition, and their reports have failed 
to substantiate the optimism often expressed at the pa- 
tient’s bedside.* Serial body composition analysis sug- 
gests that stabilization or gain of body weight can be 
accounted for by increases in total body water and, to a 
lesser extent, gain in adipose tissue.*° Of greater con- 
cern is the inability to increase body protein with almost 
all forms of nutritional support. The infusion of large 
quantities of amino acids (2.0-3.0 g/kg/day) has become 
a popular method of attempting to reverse this process. 
However, critical assessment of the available data’ and 
stable isotope studies that determine maximal rates of 
protein synthesis® fail to support the concept that more 
is better. 

Loss of moderate amounts of body protein would be 
of little concern if this alteration were unrelated to mor- 
bidity. However, fatigue is one of the most common 
patient complaints during convalescence,’ and skeletal 
muscle weakness and altered muscle function are com- 
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monly observed in malnourished hospitalized pa- 
tients.!° Despite their having “adequate” nutritional 
support, trauma/septic patients demonstrate protracted 
rates of wound closure, have repeated episodes of infec- 
tion, and develop multiorgan system failure,’' events 
that are interrelated to the metabolic state of the individ- 
ual and the support provided. In addition to these prob- 
lems, parenteral nutrition has been causally related to 
hepatic dysfunction,'? pulmonary compromise, !?-'* and 
increased rates of septicemia." 

Several years ago, we studied a group of normal vol- 
unteers who received intravenous feedings and human 
growth hormone, made available for the first time in 
large quantities by newly developed genetic engineering 
techniques.'® The purpose of our investigation was to 
determine the relationship between dietary energy, 
growth hormone administration, and nitrogen balance. 
Caloric intake was provided at three levels: 100%, 50%, 
and 30% of energy requirements. Adequate protein and 
other essential nutrients were also administered. During 
control studies, reduction in energy intake was asso- 
ciated with negative nitrogen balance; nitrogen equilib- 
rium occurred only with adequate (100%) calorie intake. 
With growth hormone (GH) administration, positive 
nitrogen balance of approximately 2 g/day occurred at 
all levels of caloric intake, even when only 30% of the 
energy requirements (approximately 150 g of glucose) 
were provided.'® 

The ability to feed patients a hypocaloric diet and 
simultaneously achieve positive nitrogen balance is ap- 
pealing. Body fat, which is usually readily available, is 
utilized as a major energy source, thereby minimizing 
the problems and complications associated with infu- 
sion of hypertonic glucose solutions. In addition, the 
hormonal environment created by GH stimulates 
marked protein synthesis, and therefore a significant 
quantity of protein-rich tissue is generated.'’ 

The purpose of this study was to evaluate this ap- 
proach in stable patients who required protein repletion. 
After controlled observations in a short-term study, 
longer periods of GH administration were carried out to 
determine if these alterations were merely transient in 


nature. In all studies, GH administration was associated. 


with minimal side effects and marked positive nitrogen 
balance. 


Materials and Methods 


All subjects were studied in the Clinical Research 
Center of Brigham and Women’s Hospital. The protocol 
was approved by the Committee for the Protection of 
Human Subjects from Research Risks, Brigham and 
Women’s Hospital, Boston, Massachusetts, and in- 
formed consent was obtained from all subjects. 
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Short-term Study 


Patients. Nine patients requiring parenteral nutrition 
for at least 2 weeks were studied initially (Table 1). Eight 
subjects were studied after gastrointestinal tract opera- 
tions, and seven of these had enterocutaneous fistulas. 
One subject was studied while receiving nutritional sup- 
port in preparation for an operation. All subjects were 
clinically stable, without evidence of uncontrolled in- 
fection or acute nongastrointestinal organ dysfunction. 


. With the exception of one patient with chronic renal 


insufficiency (Pt 7, creatinine ~ 2.5 mg/dl), all were free 
of significant renal, hepatic, cardiopulmonary, endo- 
crine, or central nervous system disease. None of the 
patients had cancer at the time of study, although Pa- 
tients 2 and 9 had undergone a recent resection for 
Duke’s Stage BII adenocarcinoma of the colon, and Pa- 
tient 6 had a history of Stage BI carcinoma of the cervix 
treated by partial hysterectomy and pelvic radiation 7 
years before the study. Recent laparotomy revealed no 
evidence of cancer at the time of this hospitalization. 
Two subjects received daily steroid therapy in constant 
doses throughout their study (Patient 2 received 20 mg 
of oral prednisone every 24 hours for Crohn’s disease 
and Patient 9 received 30 mg of hydrocortisone intzave- 
nously every 24 hours for rheumatoid arthritis). Patient 
9 also received gold injections every other week. 

Study design. Each short-term study consisted of two 
consecutive 7-day periods (control and treatment) in 
which the nutrient mix was kept constant for the entire 
14 days. A double-blind, randomized, crossover study 
design was employed for the first five subjects. At the 
time of entry into the study, the order of treatment 
(control week followed by treatment week or treatment 
week followed by control) was determined by sequential 
entry on a random order list. During their control pe- 
riod, a daily subcutaneous injection of saline (placebo) 
was given at 8:30 A.M. The exception to this admiristra- 
tion schedule was Patient 1, who received nutrient infu- 
sions in the evening and the daily saline or GH injec- 
tions at 8:30 P.M. During the treatment week, 19 mg of 
recombinant human methionyl growth hormone (m- 
hGH, Protropin, Genentech, Inc., San Francisca, CA) 
was given subcutaneously daily at 8:30 A.M. Tne sy- 
ringes were filled by the research pharmacist, and the 
contents were not specified to the nursing and-physician 
staff. The periods were otherwise identical. 

Three subjects (2, 3, and 5) entered the control week 
first followed by the GH week, whereas two subjects (1 
and 4) received GH the first week and saline injections 
the second week. Patient 3 was also studied during a 
control week after the GH week. Thus, three subjects 
had a control period of study following completion of 
m-hGH therapy. After this initial phase, the code was 
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TABLE 1. Clinical Characteristics of Patients in the Short-Term Trial 


Weight Days After Week Week 
Patient Age Sex (KG) % IBW BSA Diagnosis Medications Operation Control m-hGH 
l 46 F 81 129 1.98 Gastrocutaneous fistula (following Ranitidine 121 2 I 
gastric bypass) 
2 35 M 63 96 1.76 leocolocutaneous fistula (following Prednisone, 66 I 2 
small bowel resection for antibiotics 
Crohn’s disease) 
3 78 F 68 123 1.74 Ileocolocutaneous fistula (following Warfarin 106 1+3 2 
hemicolectomy for colonic 
carcinoma) ` 
4 23 F 60 97 1.72 Short-bowel syndrome (following Cimetidine 34 2 ] 
trauma) 
5 5 M 61 100 1.68 Multiple enterocutaneous fistulas None 25 l 2 
(following lysis of adhesions) 
6 48 F 77 132 1.82 Jejunal-cutaneous fistula (following Ranitidine 17 i 2 
drainage of appendicial abscess) 
7 69 M 56 88 1.66 Enterocutaneous fistula (following Ranitidine 23 1 2 
lysis of adhesions and bowel 
resection) 
8 50 F 55 85 1.66 Postvagotomy gastric stasis Ranitidine Before l 2 
l Operation 
9 65 F 47 98 1.42 Ileocolcutaneous fistula (following Hydrocortisone, 29 l 2 
hemicolectomy for colonic estrogen, 
carcinoma) ranitidine, 
f gold 
Mean 52 63 105 tirz 53 
Range 23-78 47-81 85-132 1.42-1.98 17-121 


broken and the study was performed in an unblinded 
manner in the last four subjects. These four patients 
entered the control period initially and did not receive 
saline placebo injections during this period. All other 
aspects of the protocol were similar. Thus, seven of nine 
patients in the short-term study entered a control period 
first, and two entered the GH period before the control 
period. 

Nutritional prescription. Basal energy requirements 
were estimated from standard tables based on height, 
weight, age, and sex.? An additional 5-10% of the basal 
energy requirement was added to the basal requirement 
to account for the stress of the underlying disease. An 
additional 25% of this adjusted energy requirement was 
then added to account for energy expenditure associated 
with activity. All subjects were encouraged to ambulate 
ad lib on the ward as indicated. | 

The daily energy requirement was divided by 150 to 
determine daily nitrogen requirements. The nine sub- 
jects received this level of nitrogen intake (~1.3 grams 
protein/kg/24 hr). However, only 60% of the energy re- 
quirements as determined above were provided as exog- 
enous nutrients. After determining the energy intake 
(metabolic requirements as defined above X 0.6), the 
calories provided as amino acids were then subtracted 
from the 60% energy level to determine the nonprotein 
energy needs.. This was provided as dextrose (assuming 


3.4 kcal/g of hydrated dextrose), and this quantity 
(~200 g of dextrose) was added to the nutrient solution. 

Fluid requirements for each subject were based on 
body size, urine output, nasogastric and/or fistula losses, 
and clinical signs. This total volume was provided in a 
3-liter bag, which contained the parenteral nutrients 
added in the form of stock nutrient solutions and sterile 
water. When indicated, additional sterile water was 
added to the nutrient solution to maintain hydration, 
but fluid intake usually remained constant throughout 
each individual study. 

Nutrient solutions were prepared from commercially 
available amino acid solutions (10% Travasol,™ Tra- 
venol Laboratories, Inc., Deerfield, IL) and 70% dex- 
trose solution, using an Automix High Speed Com- 
pounder (Travenol Laboratories, Inc., Deerfield, IL) in 
the hospital pharmacy during the afternoon before infu- 
sion. Adequate quantities of vitamins (MVI-12, Ly- 
phomed, Melrose Park, IL) and trace elements (Multi- 
trace Concentrate, Armour Pharmaceuticals, Kanka- 
kee, IL) were added in constant amounts daily to the 
3-liter infusion bags. All subjects received 10 mg of Vi- 
tamin K weekly (AquaMephyton, Merck, Sharp, and 
Dohme, West Point, PA), except for the one subject 
receiving warfarin therapy. Electrolytes were added 
daily in appropriate amounts to maintain serum con- 
centrations within the normal range. 
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The nutrients were infused through a central line ded- 
icated solely-to the administration of the parenteral nu- 
trients over a 24-hour period, from 6 A.M. to 6 A.M. of 
the. following day. (The one exception to this protocol 
was Patient 1, who received nutrient infusions over 14 
hours at night.) The intravenous tubing was changed 
every 48 hours, and the catheter care and dressing 
change was performed 3 times weekly by a nutrition 
support service nurse. No dextrose-containing fluids 
other than the nutrient solution were administered. 

Collections. Urine, stool, emesis, fistula, and tube 
drainage were collected for each 24-hour period that 
coincided with the 24-hour infusion of each bag of nu- 
trient solution. The losses were immediately refrigerated 
after collection. Urine was collected separately every 24 
hours, and stool, fistula, and tube drainage were com- 
bined in 7-day pools that coincided with the study 
weeks. | 

Measurements. The subjects were weighed daily at 6 
A.M. Blood pressure, pulse, respiratory rate, and oral 
temperature were measured at least every 8 hours, or as 
clinically indicated, throughout the study. 

Each 24 hour urine sample was analyzed for total 
nitrogen, urea, creatinine, potassium, inorganic phos- 
phorus, sodium, glucose, 8-hydroxybutyrate, and aceto- 
acetate. The aliquots of stool, fistula, and tube drainage 
were analyzed for total nitrogen concentration. The nu- 
trient bag was taken down at 6 A.M. each morning, and 
the residual volume was measured daily. An aliquot of 
the nutrient solution was saved from each 7-day period 
for nitrogen determination. 

Venous blood was obtained in the morning between 
7:30-8:30 A.M., prior to the GH or saline injections. On 
the first day (and weekly thereafter), blood was obtained 
for determination of glucose, blood urea nitrogen 
(BUN), creatinine, sodium, potassium, chloride, carbon 
dioxide, calcium, phosphorus, magnesium, total pro- 
tein, albumin, globulin, alkaline phosphatase, lactate 
dehydrogenase (LDH), alanine-aminotransferase 
(SGPT), aspartate-aminotransferase (SGOT), indirect 
and direct bilirubin, cholesterol, triglyceride, hemoglo- 
bin, hematocrit, white blood cell count, and differential. 
On days 3 and 5 of each 7-day period, glucose, BUN, 
creatinine, sodium, potassium, chloride, and carbon 
dioxide were obtained. Blood was also obtained on days 
1, 3, and 5 of each 7-day period of study for GH, insulin, 
insulin-like growth factor | (IGF 1), and free fatty acid 
(FFA) determinations. Blood was also obtained once 
during each 7-day period for analysis for antlhuman GH 
antibodies. . 

Standard analytic techniques were used to determine 
concentrations of blood and urine metabolites as pre- 
viously described.'® Radioimmunoassay techniques 
were used for determination of insulin and GH,!? IGF-1 
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concentration,” and presence of anti-hGH antibodies”? 
Nitrogen concentration in urine, TPN solution, stool, 
and other fluids was determined by the macro-Kjeldzhl 
and chemiluminesence (Antek Instruments, Inc., Hous- 
ton, TX) techniques. 

Metabolic balances. Daily balances of nitrogen, potas- 
sium, sodium, phosphorus, and fluid were calculated for 
the control and treatment weeks of each subject. Tne 
volume of the residual nutrition solution was subtracted 
from the initial bag volume to determine actual adm-n- 
istered volume. Fluid balance was then calculated as the 
difference between fluid intake and the measured vol- 
ume of urine, stool, fistula, and tube drainage output. 
Daily balances of nitrogen and electrolytes were sirai- 
larly determined. 

Calculations. The first 24 hours of each 7-day period 
were considered an equilibration day, and data obtaired 
from this initial 24-hour period were not included in “he 
daily averages comparing the control and treatment pe- 
riods. Nitrogen and urea excretion values were correc: ed 
as previously described? for change in the serum BUN 
concentration in Patient 7, whose level fell from 76 
mg/dl to 19 mg/dl during the study period. For each 
individual subject, the daily balances of nitrogen, potas- 
sium, phosphorus, sodium, and fluid from day 2 to 7 
were averaged for the control and treatment pericds, 
and these values were used to determine overall group 
means for each study period. 

The daily measurements of pulse, respiration, blood 
pressure, and temperature were averaged for each sab- 
ject, and these values averaged for the group of subjects 
for each study period. Blood tests obtained on the first 
day of an individual’s study were not included in the 
data analysis. Results obtained after the first day _in- 
cluding laboratory data obtained by the patient’s physi- 
cians for clinical care) were averaged to determine-the 
mean value for each individual during a particular study 
period. The daily weights obtained during each study 
period were plotted against time to determine the best fit 
linear regression. The slope of each line was used to 
calculate the weight change during each 7-day period of 
study for an individual patient, and this value was ised 
to determine overall group means for weight change. 
(This method utilizes all daily measurements and thus 
does not rely solely on the difference between the two 
measurements taken at the beginning and end of a study 
period.) 


Long-term Study 


Patients. Six individuals were studied for more than 2 
weeks and received 13-25 days of GH, given daily at the 
same dose. Patients 6, 7, 8, and 9 continued to rec2ive 
GH daily after completion of the treatment week of their 
short-term study. Patients 10 and 11 had an initial zon- 
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trol week prior to receiving GH during their treatment 
period. Thus, all six patients in this long-term trial en- 
tered an initial control week followed b y the GH period. 
Patients 8 and 10 underwent gastrointestinal operations 
during this period; with Patient 7, the nitrogen content 
of the TPN solution was increased, and later, additional 
calories were given as fat emulsion. All six subjects were 
studied while enteral diets were started, and parenteral 
feedings decreased before hospital discharge. 

Patient 10 (a 29-year-old woman) had an 8-year his- 
tory of Crohn’s disease and was hospitalized for preoper- 
ative feeding before elective repair of a colonic stricture 
and an internal fistula. She weighed 41 kg on admission 
(77% of ideal body weight) and had sustained an 18% 
body weight loss over the previous 6 months. Her medi- 
cations included metronidazole, iron sulfate, and an 
oral contraceptive agent (ethynodiol diacetate/ethiny] 
estradiol). Her maintenence requirements were pro- 
vided by intravenous feedings. One-half of the nonpro- 
tein calories were given as dextrose, and the remainder 
as lipid emulsion (20% Intralipid, KabiVitrum Inc., 
Alameda, CA). An additional 1000 calories were taken 
daily orally. 

Patient | (a 34-year-old woman) had a 15-year history 
of Crohn’s disease and a 12-year history of colocutan- 
eous and duodenal-colonic fistulas. She was hospitalized 
for initiation of parenteral nutrition that was intended to 
supplement her oral intake at home. On admission, she 
weighed 39 kg (74% of ideal body weight) and had sus- 
tained a 13% body weight loss over the previous 6 
months. Her medications included prednisone (20 
mg/24 hr), ranitidine, and iron dextran. She was fed 
adequate nitrogen and 700 kcals above her maintenence 
energy requirements intravenously (~2200 calories and 
16.9 g nitrogen/24 hr). The nutrient solution was cycled 
over 14 hours daily. During weeks 3 and 4, she received 
fat emulsion intravenously to provide essential fatty 
acids. 

As in the short-term trial, the first 24 hours of the 
control and first GH week were not included in data 
analysis; however, data obtained during all 7 days of 
subsequent complete treatment weeks (weeks 2-3 of 
GH) were utilized. Mineral balances were not per- 
formed during periods of oral food intake, due to lack of 
precision in determining mineral intake from mixed 
food sources. However, nitrogen and calorie content of 
the enteral feedings were estimated using standard tech- 
niques, and these values were added to the intravenous 
intake for calculation of nitrogen and total caloric intake 
for each study week. Details of GH dosage and adminis- 
tration, parenteral nutrition preparation, collections, 
clinical/metabolic measurements and balances, calcula- 
tions, and analytical techniques were otherwise identical 
to those of the short-term trial: 
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Statistics. Statistical calculations were performed on 
an IBM 4341 computer utilizing MINITAB (Pennsylva- 
nia State University, State College, PA, 1981) and a 
Macintosh™ Plus (Apple Computer, Inc., Cupertino, 
CA) with a standard statistical software package (Stat- 
view 512+™ Brainpower, Inc., Calabasas, CA) to apply 
paired t-testing, linear regression, and nonparametric 
techniques where appropriate. The Bonferroni adjust- 
ment was used when three or more group means were 
compared by paired t-tests. Results are expressed as 
mean +SEM. A p value <0.05 between means was ac- 
cepted as significant. 


Results 


Short-term Study: Clinical Observations 


All patients received all prescribed injections during 
the 14-day study. One patient complained of pain at the 
subcutaneous injection site; no allergic reactions or 
other untoward response related to the drug delivery 
occurred. 

The nine patients were relatively stable throughout 
the study period. Patient 2 had a low-grade fever (<39 
C) on days 2 and 3 of the control week, and again on the 
last two days of the treatment week. He received antibi- 
otics for these febrile episodes and underwent laparot- 
omy and small bowel resection 5 days after study com- 
pletion. Ileus developed in patients 5 and 7, requiring 
nasogastric decompression ‘associated with low-grade 
fever (<39 C) during GH treatment. Patients 4 and 7 
required additional intravenous fluid for several days to 
maintain fluid balance during the GH and control pe- 
riods, respectively. The central venous catheter of Pa- 
tient 8 became unattached briefly without significant 
sequelae; otherwise no complications associated with 
the intravenous solution administration or the indwell- 
ing catheters occurred. 

The mean daily pulse rate rose slightly during the GH 
period as compared with control (93 + 5 bpm with GH 
vs. 84 + 3, p < 0.01). There were no significant differ- 
ences in respiratory rate (control 19 + 1 breaths/min, vs. 

19 + 1), systolic blood pressure (control 112 + 3 mmHg, 
vs. 113 + 4), diastolic blood pressure (control 71 + 2 
mmHg, vs. 71 + 2), oral temperature (control 36.9 + 0.1 
C vs. 36.9 + 0.1), or maximal temperature (control 37.3 
+ 0.2 C, vs. 37.2 + 0.2) between the two study periods. 

Fluid intake remained constant during the two study 
weeks (control 2368 + 123 ml/24 hr vs: GH 2363 + 143, 
NS). However, daily urine excretion decreased signifi- 
cantly during the GH period (GH 1217 + 90 ml/24 hr 
vs. 1543 + 101, p < 0.01). As a result, fluid balance 
became more positive during the GH period than the 
control period (GH 841 + 132 ml/24 hr vs. 582 + 122, p 
< 0.05). During the control week, the patients lost a 
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TABLE 2. Blood Values: Short-term Study (Mean + SEM) 


At Entry Control GH 
(Day 1) (Days 2-7) (Days 2-7) 
Blood urea N (mg/dl) 1942 2244 16 +2" 
Glucose (mg/dl) 115+ 10 1137 133 + 13 
Insulin (nU/m) 26 + 8 2i+4 60 + 22 
Phosphorus (mg/dl) 3.8+0.3 4.0+0.2 4.0 + 0,2. 
Potassium (mEq/1) 4.2+0.2 4.4+0.1 4.0+0.1* 
Sodium (mEq/I) 138 + 1 137+ 0.7 138 + 0.5 
Total bilirubin (mg/dl) 0.6 + 0.2 0.5+0.1 0.4+0.1 
Alkaline phosphatase 
(U/L) 218 + 47 183 + 29 160 + 24 
Free fatty acids (uEq/1) 685 +41 829 + 58 792 + 72 
Growth hormone l 
(ng/ml) 47+] 4.6+1.0 9.0 + 3.2 
IGF~1 (U/ml) 1.0+0.2 15+0.4 §.8 + 1.24 


* p < 0.05. tp < 0.01 as determined by paired t-tests control vs. GH 


mean of 1.0 + 0.6 kg compared with the GH week, in 
which a mean weight gain of 1.3 + 0.4 kg occurred (p 
< 0.01). í 


Blood Values 


On entry into the study, the patients serum concen- 
trations of BUN, glucose, electrolytes, total bilirubin, 
alkaline phosphatase, GH, insulin, and IGF-1 were 
within normal limits except in patient 7, whose BUN 
was 76 mg/dl. These values did not change significantly 
during the control period (Table 2), The exception was 
serum FFA, which rose from 685 + 41 uEq/l on the 
entry dav to 829 + 58 during the control period (p 
< 0.05). With GH administration, BUN fell signifi- 
cantly (control 22 + 4 mg/dl vs. GH 16 + 2, p < 0.05), 
serum glucose tended to rise (113 + 7 mg/dl vs. 133 
+ 13, NS), and insulin concentration also tended to 


Volume (cc/24 hr) 
`- Nitrogen (g/24 hr) 
Urea (g/24 hr) 
Phosphorus (mg/24 hr) 
Potassium (mEq/24 hr) 
Sodium (mEq/24 hr) 
Glucose (mg/24 hr) 
Creatinine (g/24 hr) 
B-OH (mM/24 hr) 


Control 
(Days 2~7) 


1543 + 101 
12.3 + 0.8 
10.3 + 0.7 
547 + 53 

60 + 6 
93 ż 19 
219 + 19 

0.84 + 0.05 
0.03 + 0.01 
0.04 + 0.01 


_] 


TABLE 3. Urinary Excretion: Short-Term Study (Mean + SEM) 


GH 
(Days 2-7) 


1217 + 99t 
9.6+09F 
7.24064 
401 + 65* 

48 + 5* 
57 + 14t 
NRIS 

0.86 + C07 

0.06 + C01 

0.04 + C01 


AcAc (mM/24 hr) 


* p < 0.05, tp < 0.01, tp < 0.001 as determined by paired t-tess 


increase (21 + 4 U/ml vs. 60 + 22, NS). Potassium 
concentration fell slightly but significantly with GH ad- 
ministration (p < 0.05), whereas concentrations of 
serum phosphorus, sodium, total bilirubin, alkat ne 
phosphatase, and free fatty acids did not change. 

Serum GH concentration tended to rise during zhe 
GH administration (4.6 + 1.0 ng/ml vs. 9.0 + 3.2, NS). 
Levels of IGF-! increased nearly fourfold with GH tker- 
apy (1.5 + 0.4 U/ml vs. 5.8 + 1.2, p < 0.01). Antibocies 
against human GH were not detected in any of the pa- 
tients. 


Urinary Excretion 


Urinary excretion of nitrogen, urea, phosphorus, po- 
tassium, and sodium decreased significantly during 3H 
administration (Table 3). The urinary excretion of zlu- 
cose, creatinine, beta-hydroxybuterate and acetoacetate 
were similar during the two study weeks. Beta-hydroxy- 
buterate excretion tended to rise during GH (0.03 = 0.01 
mM/24 hr vs. 0.06 + 0.01, NS). 


TABLE 4. Nutrient Intake and Balances: Short-Term Study 


Control 
Potassium 

Nitrogen {mEq/ Phosphorus 

Kcal Fluid (g/24 hr) 24 hr) (mg/24 hr) 
(per/24 hr) (ce/24 h) TO Eee 

Pt. In In In Bal In Bal In Bal 
l 1090 2058 16.6 +4.9 62 +23 575 +98 
2 1233 2614 17.6 +14 91 +449 677 -78 
3 1088 2198 13.8 +3.0 88 +9 679 —-10 
4 1017 2785 15.5 +04 83 +25 428 +413 
5 1117 2961 124 -16 89 —4 459 -85 

6 995 1961 13.1 +0.2 72 +24 305 +5! 
7 1016 2571 8.0 -4.3 43 —4 371 -135 
8 1146 2177 11.8 +0.1 56 —12 829 +122 
9 908 1990 9.8 +0.5 73 -3 605 +24 
Mean 1068 2368 13.22 +0.5 73 +12 £548 0 
SEM +32 +123 ` +10 +0.9 +6 +7 +56 +29 


* p < 0.001 paired t-test 


Growth Hormone 


Potassium 
Nitrogen (mEq/ Phospherus 
Kcal Fluid (2/24 hr} 24 hr) (me/24-hr) 
(per/24 hr) (cc/24 hr) a a ee a 
In In In Bal In Bal In Bal 
1091 2137 16.4 +5.4 51 +17 623 +150 
1164 2176 17.6 +4.9 87 +39 675 +136 
1058 2128 13.4 +4.9 85 +34 660 +229 
1129 2880 17.1 +3.9 94 +45 1057 +382 
1087 2884 12.1 +2.3 82 +24 447 +171 
1012 2035 13.2 +2.5 69 +21 258 +179 
1052 3020 8.3 +13 44 -+19 358 4213 
1103 1962 {1.30 +2.7 60 -3 897 4369 
906 2049 9.7 +2.5 73 +6 603 4135 
1067 2363 13.2 +3.4* 72 +22 620 -—218* 
+25 +143 t1.1 240.5 +6 +5 +84 +32 
In = Intake 


Bal = Balance 
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Growth Hormone 
(40mg /day) 


WEIGHT 
(% Change) 






SODIUM 
(mEq) 


NITROGEN 
(g) 


POTASSIUM 


2 4 6 8 10 
DAYS 


12 14 16 18 20 


Fic. 1. During the first week of hypocaloric nutrition in these nine 
depleted patients, body weight fell and balances for nitrogen, potas- 
sium, and phosphorus were negative or neutral. With GH administra- 
tion, there was marked positive balance of nitrogen and phosphorus. In 
addition to mineral retention, body weight gain was associated with 
retention of additional water and sodium. Following administration of 
GH, body weight and balances returned to pretreatment values. The 
upper line represents the quantity of a substance infused, while the 
black areas demonstrate negative balance and the shaded areas, posi- 
tive balance. 


Nutrient Balance 


The intake of fluid, calories, nitrogen, phosphorus, 
and potassium were similar during the two study periods 
(Table 4). Sodium intake was 106 + 22 mEq/24 hr dur- 
ing control versus 115 + 20 during GH (NS). During the 
control period, excretion of nitrogen, phosphorus, and 
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potassium was similar to intake; hence, the subjects 
were near balance. During the 7 days of GH administra- 
tion, the excretion of nitrogen and phosphorus was sig- 
nificantly less than during the control period, and there- 
fore the subjects had a positive balance of these sub- 
stances (Table 4). Nitrogen balance rose from +0.5 
+ 0.9 g/24 hr during control to +3.4 + 0.5 with GH, 
whereas phosphorus balance rose from 0 + 29 mg/24 hr 
to +218 + 32 (p < 0.001) Potassium balance also rose, 
and approached but did not achieve significance (p 
< 0.06). GH administration was also associated with 
positive sodium balance (control 13 + 11 mEq/24 hr vs. 
58 + 19 with GH p < 0.05). 

When the data from the individual weeks were exam- 
ined, it appeared that the nitrogen-retaining effect of 
GH persisted into the third week of study (Fig. 1). Ni- 
trogen balance from the third week (post-GH control 
week) was statistically indistinguishable from the week 
of GH therapy using rank order analysis. In contrast, 
phosphorus balance rapidly returned to prestudy levels. 
In the week after GH administration, fluid balance was 
maintained for several days, but this was followed by 
increased urinary volume and sodium excretion, result- 
ing in negative balance of water and sodium. Body 
weight returned to baseline values (Fig. 1). 


Long-term Study Observations 


All six patients in the long-term trial received their 
prescribed injections without untoward effects, and re- 
mained relatively stable throughout their individual 
studies. During their studies, all patients remained afe- 
brile with stable vital signs. Daily pulse rate tended to 
rise with GH therapy (control 84 + 4 bpm, GH Week | 
92 + 5, GH Week 2 94 + 5, GH Week 3 92 + 6, NS). 
The mean weight change during the control week was 
+0.3 + 0.6 kg, compared with the mean weight change 
during GH Week | of +1.9 + 0.4 kg (p < 0.05). How- 
ever, after the first week of GH. body weight tended to 
stabilize (GH Week 2 was +0.5 + 0.6 kg, NS from con- 
trol). All six patients were successfully weaned from par- 
enteral nutrition and were taking enteral diets before 
discharge 1-2 days after completion of the study. 

The nitrogen and mineral balances in these long-term 
studies were similar to those during the 7 days of GH 
administration. Mean nitrogen balance during the con- 
trol week was +0.4 + 1.1 g/24 hr, and rose to +3.2 + 0.7 
during GH Week 1, +3.7 + 1.0 during GH Week 2, and 
+3.4 + 1.0 during GH Week 3 (see Table 5 for individ- 
ual patient data). Positive nitrogen balance persisted 
into Weeks 2 and 3 of GH therapy in all patients except 
Patient 8, who underwent laparotomy during the second 
GH week (Fig. 2). A second patient receiving hyperca- 
loric nutrition and GH underwent laparotomy but 
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TABLE 5. Nutrient Intake and Balances: Long-Term Study 
Nitrogen Potassium Phosphorus 
Caloric 
Week of Route of Intake Intake Balance Intake Balance Intake Balarce 
PE* Study* Feeding (Keal/24 hr) (2/24 hr) (mEq/24 hr) (mg/24 hr) 
6 2 1.V./Enteral 1410 14.0 +7.2 68 +21.0 262 +281 
7 2 LY. 1155 12.5 +3.5 68 -+19.0 705 +429 
3 I.V. 1573 11.9 +2.9 50 +3.3 732 +235 
8 2+ LV. 1138 11.5 —().5 77 —3.0 912 +250 
3 I.V./Enteral 1465 13.1 +2.1 81 —7.0 913 +263 
9 2 ILV. 936 10.0 +2.8 75 +5.0 620 +455 
10 C I.V./Enteral 2488 15.2 +4.4 os — — — 
Í I.V./Enteral ` 2389 14.6 +6.4 — — — — 
2t LV. 2428 16.5 +5.1 — — — — 
jl C LV. 2114 16.8 +1.6 — — 618 +142 
l LV. -~ 2118 16.7 +4.0 89 +9.8 616 +304 
2 LV. 2232 16.5 +3.9 88 +26.5 640 +337 
3 LV./Enteral 2408 17.8 +5.3 87 +24.0 — — 


*C = Control week, numbers represent consecutive weeks of GH 
therapy. Data for C and Week 1 for patients 6-9 are included on Table 
4. 


maintained positive nitrogen balance throughout her 
perioperative course (Fig. 3). Patient 7 had chronic renal 
insufficiency and maintained positive nitrogen balance 
while receiving hypocaloric feedings and GH over 3 
weeks (Fig. 4). Positive mineral balance, when deter- 
mined, also tended to remain positive during the long- 
term study (Table 5). The blood values for the long-term 
patients tended to reflect the changes observed with the 
short-term trial (Table 6). i 


Growth Hormone ({O0mg/day) 


BODY 
WEIGHT 
{kg} 


CALORIE 
INTAKE 
(Kcal) 


NITROGEN 
BALANCE 
{g} 





2 4 6 8 0 4 16 
DAYS 


18 20 22 24 26 28 


Fic. 2. This 50-year-old woman (Patient 8) with gastric stasis and a 
26% weight loss received a fixed intravenous hypocaloric intake for 
over 3 weeks. At the end of 8 days of GH administration, she under- 
went a laparotomy, gastrojejunostomy, and placement of a feeding 
jejunostomy. Her postoperative loss of nitrogen and other minerals 
was minimal (see also Table $), and she remained anabolic with the 
institution of tube feedings. 


t Laparotomy on Day 2 of this week. 
¢ Laparotomy on Day 2 of this week. 


Discussion 


Our observations in this controlled trial suggest that 
GH enhances the efficacy of parenteral nutrition in 
clinically stable, hospitalized adults. Patients achieved 
positive nitrogen balance while receiving hypocaloric 
feedings, and this balance was maintained for as long as 


Growth Hormone (1O mg/day 


CALORIE 
INTAKE 
{Keol} 


NITROGEN 
BALANCE 
(gq) 





Fic. 3. Weight gain and positive nitrogen balance occurred in this 
29-year-old woman (Patient 10) with Crohn’s disease, who weighed 41 
kg on admission and received hypercaloric nutrition and GH Anabo- 
lism was maintained despite laparotomy, colectomy, and small Lowel 
resection. 
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TABLE 6. Blood Values Long-Term Study (Mean + SEM) 


Control GH GH GH 
Week Week I Week 2 Week 3 
(n) (n) (n) (n) 
Blood urea N 24+5 I8 t2 1844 23+8 
(mg/dl) (6) (6) (6) (3) 


Glucose (mg/dl) 104 +9 1354+418 130410 12015 


Insulin (U/ml) 


3048 
(6) (6) (6) (3) 
Phosphorus 37 +02 38+02 4320.1 480.4 
(mg/dl) (6) (6) (6) (2) 
Potassium 45+0.1 41+02 4222+01 4220.3 
(mEq/l) (6) (6) (6) (3) 
Triglyceride 118+14 §87+23 149+20 15014 
(mg/d!) (5) (4) (5) (2) 
Free Fatty Acids 6384137 7094+96 762467 785 + 135 
(uEq/I) (6) (6) (6) (3) 
Growth Hormone Sa! 16+8 14+6 11+4 
(ng/ml) (6) (6) (6) (3) 
IGF-1 (U/ml) 10+02 442419 5442.2 2.3+0.4 
(5) (5) (5) (3) 


3 weeks. No significant untoward effects were noted 
during the several weeks of GH administration. 

During the short-term trial, cumulative nitrogen bal- 
ance rose from 3.1 + 5.2 g/6 days during control (not 
different from zero) to 20.3 + 2.3 g/6 days during GH (p 
< 0.001) in association with parenteral feeding supply- 
ing ~1.3 g protein/kg/24 hr but only 60% of caloric 
requirements. Retention of phosphorus was signifi- 


Growth Hormone [%0mg/day) 





Ora! Infake 





CALORIE 
INTAKE © 
{eat} 4000 


NITROGEN 
BALANCE 
(g) 





e 4 $ 8 O % #4 % 8 2 
DAYS 


2 24 26 28 Ə R 


FIG. 4. This 65-year-old man (Patient 7) with chronic renal failure 
achieved positive nitrogen balance, while BUN fell from 76 mg/dl to 
19 mg/d! with hypocaloric parenteral nutrition and GH. On Day 15, 
additional amino acid nitrogen was infused and nitrogen balance im- 
proved. On Day 22, fat emulsion (500 kcal/day) was added to the 
nutrient infusion, and additional calories exerted minimal effects on 
nitrogen and mineral balance (see also Table 5). Oral intake was started 
on Day 30. 
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cantly enhanced, and a strong trend toward potassium 
retention was observed with GH. The anabolic effect of 
this hormone was evident 1-2 days after administration, 
as excretion of nitrogen and minerals decreased and nu- 
trient balance improved. 

The retention ratio (calculated as the difference in 
mean balance between control and GH weeks) for ni- 
trogen, potassium, and phosphorus was 1:3.4:75, respec- 
tively. This ratio is similar to the reported intracellular 
ratio of these constituents in skeletal muscle; for every 
gram of nitrogen retained as skeletal muscle, approxi- 
mately 3 mEq of potassium and 66 mg of phosphorus 
are also retained.*!-” 

The net positive balance of these substances occurred 
in association with decreased excretion of urea, nitro- 
gen, potassium, and phosphorus during constant intake 
in each study week. The drop in BUN reflected a de- 
crease in urea production due to GH. Despite a signifi- 
cantly decreased urinary excretion, blood levels of po- 
tassium dropped and phosphorus remained stable, sug- 
gesting efficient retention of these minerals with 
nitrogen as new protoplasm. 

Although GH has potent lipolytic effects, we did not 
observe a significant rise in serum FFA or urinary ke- 
tone excretion during the short-term study. Continued 
lipolysis during GH was suggested by the trend toward 
increased urinary excretion of beta-hydroxybuterate and 
the lack of a fall in serum FFA levels in the face of 
hyperinsulinemia. 

The measurements from three patients studied during 
a post-GH control week suggests that nitrogen accretion 
persisted for several days after the last GH injection. 
This effect was not evident for phosphorus or potas- 
sium. Mean IGF-1 concentration during this post-GH 
control period (three patients) averaged 2.4 + 1.1 U/ml 
compared with 1.0 + 0.2 during the pretreatment period 
of seven patients. The halflife of the 150K IGF-1-bind- 
ing protein complex is believed to be 3-18 hours in 
plasma,’ and levels remain apparently elevated for sev- 
eral days after discontinuation of GH.** During this pe- 
riod, the observed sustained nitrogen retention may thus 
reflect sustained IGF-1 effects induced by GH. 

The average increase in body weight with GH was 1.3 
+ 0.4 kg/7 days. The subjects in this short-term study 
received a caloric deficit of 700 calories/24 hr, which 
represents a 4900 calorie deficit over 7 days and would 
usually account for a weight loss of approximately 0.64 
kg of body fat. However, with GH, the subjects excreted 
less urine volume. Assuming that insensible water loss 
was the same during control and GH weeks, the differ- 


ence in fluid balance of ~260 ml/24 h would account 


for a gain of approximately 1.82 kg/week (260 X 7 
= 1820 ml). The observed change in body weight (+ 1.3 
kg) reflects the difference between the gain in fluid 
(=~ 1.8 kg) and the loss of body fat (~0.6 kg). 
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Since daily nitrogen balance during the GH period 
was +3.4 g/24 h (~150 g protein/week), this accounts 
for 0.6 kg hydrated tissue. Thus, about one third of the 
water retained during GH was associated with protein- 
rich tissues, whereas the remainder was in other body 
compartments. At no time was fluid retention clinically 
evident as pulmonary or significant peripheral edema. 
Glycogen synthesis might also have contributed to a 
portion of the fluid retention and weight gain, but the 


_ influence of GH on glycogen stores was not evaluated in 


this study. Additional factors that could have contrib- 
uted to water and sodium retention include a direct ef- 
fect of GH on sodium reabsorption by the kidney,” and 
the effect of hyperinsulinemia which may have de- 
creased renal excretion of sodium.” During the post- 
GH week, body weight returned to prestudy values in 
association with a naturesis and diuresis. 

The long-term study demonstrates that GH can be 
safely administered to stable patients for several weeks. 
No significant problems occurred necessitating drug 
withdrawal during the study. Two patients (Patients 6 
and 11) had mild, transient ankle edema, which resolved 
after limiting fluid intake by ~500 ml/day. During the 
control week Patient 6 had a serum glucose that ranged 
between 102-119 mg/dl. With GH, her blood glucose 
rose to range between 180-275 mg/dl. During GH Week 
2, she started oral feedings and was weaned from paren- 
teral nutrition; during this transition her glucose values 
averaged ~150 mg/dl. No patients received insulin 
during this study. Two patients underwent operative 
procedures without complication while receiving GH, 
and in general, all patients remained stable during this 
long-term trial. 

The anabolic effect of GH was sustained in these pa- 
tients, as evidenced by the cumulative nitrogen balance 
in each study week; cumulative balance improved from 
2.5 + 6.9 gN/6 days during the control week (not differ- 
ent from zero) to 19.4 + 4.3, 22 + 6.3, 20.6 + 5.8 during 
GH treatment weeks 1, 2, and 3, respectively. Retention 
of phosphorus was also evident throughout GH admin- 
istration. Blood studies suggested a sustained anabolic 
environment during GH with increased blood levels of 
insulin, GH, and IGF-1. The rate of weight gain noted 
during the first GH week did not persist during the 
long-term study, suggesting decreased fluid retention 
with time and/or a gradual alteration in body composi- 
tion. Patients in the short-term study received a mean of 
e~17 kcal/kg/day and ~1.3 g protein/kg/day. GH was 
administered in a mean dose of ~0.16 mg/kg/day. Pa- 
tients in this study retained 3.4 gN/24 h (= +21 g pro- 
tein/24 h) during the first week of GH therapy, and in 
the long-term study, this marked accretion persisted 
throughout several weeks of GH administration. Most 
of our study patients had sustained postoperative com- 
plications and lost an average of 13.6% of their preoper- 
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ative body weight. Because of their protracted catabolic 
course, they probably demonstrated increased avidity 
for dietary protein. 

In another recent study, obese postoperative patients 
achieved nitrogen equilibrium after 24 + 9.7 days while 
receiving hypocaloric (881 nonprotein kcal/24 h), high 
protein (2.1 g protein/kg IBW/24 h) parenteral nuiri- 
tion.” In contrast, our patients achieved N equilibrium 
during the control week, while receiving similar calories 
and much less nitrogen than in the previous study. How- 
ever, GH clearly favored a more efficient utilization of 
the administered nitrogen, as we observed marked re- 
tention within the first week, which was sustained 
throughout GH administration. Our patients received 
enough glucose (#200 2/24 h) to meet obligatory re- 
quirements, and the remaining energy was derived from 
body fat. Similar protein-sparing effects of GH have 
been observed in obese subjects consuming low energy 
diets.”° 

IGF-1 increased markedly with GH administration. 
This protein, made by liver (and probably many ozher 
tissues), 1s predominantly regulated by GH and may be 
responsible for many of the GH anabolic effects.7’-*° 
IGF-1 production and/or function is attenuated with 
hepatic and renal dysfunction and severe protein-calorie 
malnutrition.” In this stable but depleted patient 
group, appropriate synthetic capacity was present to 
generate IGF-1 levels, which increased three to fourfold. 

For over 25 years, a variety of studies have demon- 
strated positive effects of pituitary-derived human GH 
in adult patients.” Enhanced retention of nitrogen, 
potassium, and sodium, improved wound healing, and 
increased appetite have been reported with use of this 
agent. GH is now available in large quantities as a result 
of recombinant technology. This study demonstzates 
that GH greatly enhances the efficiency of parenteral 
nutrition. Positive nitrogen balance can be easily 
achieved and sustained when hypocaloric parenteral 
nutrition is combined with recombinant GH adminis- 
tration. 
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Elective Cholecystectomy in Children with Sickle 


Hemoglobinopathies 


Successful Outcome Using a Preoperative Transfusion Regimen 





RUSSELL WARE, M.D., HOWARD C. FILSTON, M.D., WILLIAM H. SCHULTZ, P.A.-C, and THOMAS R. KINNEY, M.D. 


Twenty-seven children with major sickle hemoglobinopathies 
underwent elective cholecystectomy for cholelithiasis. All were 
managed with a preoperative transfusion regimen to achieve a 
hemoglobin concentration of 11-14 g/dl with greater than 65% 
hemoglobin A. Intraoperative cholangiography revealed com- 
mon bile duct stones in five patients, although only one case 
was diagnosed by preoperative ultrasonographic examination. 
Twenty-four children underwent incidental appendectomy by 
total intussusception. There were no vaso-occlusive events nor 
any other perioperative morbidity or mortality. Four months 
after cholecystectomy, one boy had a small bowel obstruction 
requiring surgical re-exploration. No patients had transfusion- 
acquired infection, although one boy had erythrocyte allosen- 
sitization to Lewis A antigen. This preoperative transfusion 
regimen and careful perioperative management permits safe 
elective cholecystectomy in children with sickle cell disease. 


HRONIC HEMOLYSIS PREDISPOSES PATIENTS 
with sickle cell disease to the formation of pig- 
ment (calcium bilirubinate) gallstones. Surgical 
management of gallstones is usually recommended even 
in the absence of symptoms.! There is, however, a re- 
ported increased risk of perioperative complications as- 
sociated with general anesthesia in these patients.?~* 
Elective cholecystectomy is preferred to prevent the 
complications of cholelithiasis, which may necessitate 
an emergency cholecystectomy in an unprepared pa- 
tient.*"’ Elective surgery permits optimal perioperative 
support for these patients. 
We report 27 children with major sickle hemoglobin- 
opathies who completed a preoperative transfusion regi- 
men and underwent elective cholecystectomy without 
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mortality or morbidity. The hematologic, anesthesiolo- 
gic, and surgical management of these patients is em- 
phasized. Routine intraoperative cholangiography is 
recommended, as four patients had common bile duct 
stones not detected before surgery. 


Materials and Methods 
Patient Population 


The records of all children with sickle hemoglobino- 
pathies who underwent cholecystectomy from 1977 to 
1986 were reviewed. Data were abstracted pertaining to 
the following: preoperative symptomatology, diagnosis, 
and management; perioperative surgical and anesthesia 
management; intraoperative findings; and postoperative 
complications. 


Laboratory A 


The diagnosis of a sickle hemoglobinopathy was es- 
tablished by hemoglobin electrophoresis (HEP) per- 
formed on cellulose acetate (pH 8.2) and citrate azar 
(pH 6.2) with quantitation of hemoglobins A; and F. All 
children in this series had a diagnosis of homozygous 
hemoglobin S (Hb SS), heterozygous hemoglobin S and 
C (Hb'SC), or heterozygous hemoglobin S and beta-tkal- 
assemia (Hb S B-Thal). 


Imaging Procedures: 


Ultrasonography of the gallbladder was performed 
using real-time scanning. Intraoperative cholangiogra- 
phy was carried out through a catheter placed in the 
cystic duct before cholecystectomy. 


18 
Transfusion Regimen 


All of our patients underwent a preoperative transfu- 
sion program to increase the percentage of hemoglobin 


A (Hb A) to above 65% of the total hemoglobin, while. 


maintaining the hematocrit between 35 and 45%. In 
preparation for elective surgery, the child with Hb SS 
and baseline hemoglobin concentration of 6-9 g/dl was 
initially transfused with 15 ml/kg of packed red cells. 
One week later, an additional 15 ml/kg were adminis- 
tered, provided that the total hemoglobin concentration 
was less than 11 g/dl. Within 2 weeks, an additional 
transfusion was subsequently administered, after which 
the child was usually ready for surgery. 

Partial volume exchange transfusions were occasion- 
ally necessary to avoid hyperviscosity for children with 
Hb SC or Hb S B-Thal, who have higher baseline hemo- 
globin levels than children with Hb SS. For example, a 
patient with Hb SC and a hemoglobin concentration of 
12 g/dl would require removal of 10% of the blood vol- 
ume, followed by immediate replacement with 15 ml/kg 
of packed erythrocytes. Partial volume exchange trans- 
fusions were performed safely in an outpatient setting 
and given every 2-3 weeks, until the patient achieved a 
hemoglobin concentration between 11 and 14 g/dl with 
greater than 65% Hb A. 


Perioperative Management 


Children were admitted to the hospital 1 day before 
surgery. Preoperative assessment included a complete 
blood count to document a hemoglobin concentration 
greater than 11 g/dl, a hemoglobin electrophoresis to 
document a hemoglobin A level greater than 65%, and a 
sonogram of the gallbladder to evaluate the biliary sys- 
tem and document the persistence of stones. On the 
evening before surgery, each patient was hydrated with 
intravenous fluids (D5 1/4NS or DS 1/2NS with 20 mEq 
of potassium chloride per liter) at 1.5 times the mainte- 
nance rate. 

After surgery, each patient received nasal oxygen in 
the recovery room. A nasogastric tube remained in place 
until the patient regained intestinal motility. Intrave- 
nous hydration was continued at 1.5 times the mainte- 
nance rate until the patient demonstrated adequate oral 
intake, usually by the third postoperative day. 


Results 
Patient Characteristics . 


There were 27 black children with major sickle hemo- 
globinopathies who underwent cholecystectomy (Table 
1). There were 19 boys and eight girls for a male pre- 
dominance of 2.4:1. There were 22 children with Hb SS, 
two with Hb SC, and three with a Hb S B-Thal pheno- 
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type. At the time of surgery, the patients ranged in age 
from 3.7 to 19.2 years (mean 12.6 years, median 13.0 
years). 

There were 24 children who underwent primary cho- 
lecystectomy. All had experienced episodes of abdomi- 
nal pain, but in many instances it was not possible to 
relate this pain specifically to the presence of gallstones 
or to distinguish it from a painful sickle cell crisis. Fre- 
quently, pain was localized to the right upper quadrant, 
was occasionally associated with nausea or vomiting, 
but was described as postprandial in only one patient. 
Two patients presented with acute increase in scleral 
icterus. Two patients with Hb SS, ages 5 and 9, and one 
girl with Hb SC, age 7, underwent cholecystectomy at 
the time of splenectomy for splenic sequestration crises. 
Preoperative abdominal ultrasonography revealed gall- 
stones in each of these patients, but none of them had 
histories suggestive of cholecystitis. 

Nineteen of the 27 patients had a total bilirubin con- 
centration measured before surgery. The bilirubin levels 
ranged from 0.1 to 5.1 mg/dl (mean 2.1 mg/dl, median 
1.7 mg/dl). No patients had significant elevations of the 
serum aspartate aminotransferase, alanine aminotrans- 
ferase, or alkaline phosphatase. 


Imaging 


Twenty-five of the 27 patients had ultrasonography of 
the abdomen, each case demonstrating stones within the 
gallbladder. The bile ducts were reported as normal -in 
24 of these 25 patients, whereas one patient had echo- 
genic densities consistent with stones in the common 
bile duct (CBD). The two patients who did not have a 
preoperative sonogram had plain films documenting 
numerous gallstones in one case, and an emphysema- 
tous gallbladder in the other. Overall, plain films of the 
abdomen demonstrated gallstones in five out of eight 
instances. Only two patients had an oral cholecystogram 
(OCG), and in one patient the OCG was falsely negative. 

The intraoperative cholangiogram revealed filling-de- 
fects consistent with CBD stones in five children, al- 
though only one of these patients was noted to have 
common duct stones on preoperative ultrasonographic 
examination. The five patients who were found to have 
CBD stones at surgery had slightly lower bilirubin levels 
than the other patients (1.6 vs. 2.3, respéctively). 


Transfusion Regimen 


The mean hemoglobin concentrations in our patient 
population before transfusions were the following: 8.0 
g/dl for Hb SS patients; 11.9 g/dl for Hb SC patients, 
and 9.1 g/dl for patients with Hb S B-Thal. After com- 


pleting the preoperative transfusion regimen, the mean 


- 
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TABLE 1. Patient Profile for 27 Children with a Sickle Hemoglobinopathy Who Underwent Cholecystectomy 


Age at 
Surgery 
Patient Sex (Years) Hb Type 
l M 3.7 SS 
2 M 5.5 SS 
3 M 7.7 SS 
4 F 7.8 sc 
5 F 8.9 SS 
6 M 9,2 SS 
7 M 9.4 SS 
8 M 9.7 SS 
9 F 11.5 SS 
10 M 11.8 S B-Thal 
1] F 12.2 SS 
12 M 12.3 SC 
13 M 12.6 SS 
14 F 13.0 SS 
15 M 13.7 S B-Thal 
16 F 13.8 SS 
17 F 14.3 SS 
18 M 14.4 SS 
19 M 14.5 SS 
20 M [5.1 SS 
21 M 15.1 SS 
22 M 15.1 SS 
23 M 15.1 SS 
24 M 16.1 SS 
25 F 18.5 S B-Thal 
26 M 19.0 SS 
27 M 19.2 SS 


Pretransfusion Hb Presurgery Hb 
Concentration Concentration Presurgery 
(g/dl) (g/dl) % Hb a 
6.7 12.9 6% 
8.3 12.0 7&8 
7.3 14.5 68 
12.0 10.8 2 
8.6 13.4 7 
8.9 13.2 84 
6.6 14.4 9] 
8.1 12.6 3 
8.1 14.4 96 
8.5 12.3 8] 
7.9 13:5 84 
11.8 11.7 Ta 
8.5 12.6 69 
7.5 14.6 76 
8.7 13.2 7] 
8.6 16.3 7) 
8.8 14.5 2 
9.3 13.7 79 
T9 12.4 76 
8.4 11.9 84 
6,7 12.9 87 
8.2 11.7 96 
8.4 13.1 84 
8.1 13.8 86 
10.1 13.0 95 
8.5 14.3 Ta 
TA oe 12.0 89 


Key: Hb = hemoglobin; SS = hemoglobin SS; SC = hemoglobin $C; S B-Thal = hemoglobin S beta-thalassemia. 


hemoglobin concentrations for each of these three pa- 
tient groups were 13.4 g/dl, 11.3 g/dl, and 12.8 g/dl, 
respectively. The mean preoperative hemoglobin A for 
each group was 82%, 75%, and 82%, respectively. 

Complete transfusion records were available for 21 
patients. Although one patient acquired an antibody to 
the Lewis A antigen, the other 20 children had no evi- 
dence for alloimmunization as determined by serum 
antibody testing performed during the preoperative 
transfusion period. Thirteen of these children had addi- 
tional negative serum testing for red cell antibodies, 
performed up to 6 months after cholecystectomy. No 
patient experienced clinically significant hepatitis or has 
expressed hematologic or clinical signs of acquired im- 
munodeficiency syndrome. 


Pathology 


Numerous black pigment stones were found in each 
gallbladder. Histologic findings consistent with acute 
cholecystitis were noted in two patients, while chronic 
cholecystitis was noted in ten patients. Histologic exam- 
ination of the remaining gallbladders was unremark- 
able. 

Aerobic and anaerobic bacterial cultures of the bile 
within the gallbladder, obtained at the time of surgery, 


were sterile in the 20 instances that cultures were ob- 
tained. 


Hospital Course 


Data pertaining to hospitalization are included in 
Table 2. All patients initially received nitrous oxide by 
mask, followed by general anesthesia with halothane (.2 
patients), enflurane (11 patients) or isoforane (4 pa- 
tients). Patients were not hyperventilated at the time of 
induction or during the surgical procedure. The dura- 
tion of general anesthesia ranged from 110 minutes to 
310 minutes (mean 184 minutes, median 175 minutes). 
No patients experienced perioperative hypotension, try- 
perventilation, hypoxia, hypothermia, or required blood 
products during or after surgery. 

Twenty-four children underwent cholecystectomy wa 
a right subcostal incision. A transverse abdominal inci- 
sion was used in the three patients whose primary indi- 
cation for surgery was splenic sequestration crises. In- 
traductal stones in four children were removed by vigcr- 
ous flushing of the CBD through the cystic duct catheter. 
One patient required an incision in the CBD to remove 
stones lodged at the ampulla. An incidental appendec- 
tomy by total intussusception was performed in all bat 
three children.® In two instances, the appendix could not 
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TABLE 2. Hospital Course for 27 Children with a Sickle Hemoglobinopathy Who Underwent Cholecystectomy - 
Duration of Intraoperative Postoperative 

Surgical Anesthesia Cholangiography Pathologic Hospitalization Follow-up 

Patient Procedures (minutes) Findings Findings (Days) (Months) 
Í CH, AP "210 Normal GS 7 115 
2 CH, AP, SP 165 CBD Stone GS 8 59 
3 CH, AP 170 Normal GS, CC J 89 
4 CH, AP, SP 150 Normal GS 5 10 
5 CH, AP 245 Normal GS 16 9 
6 CH 195 Normal GS, AC 4 9 
7 CH, AP 150 Normal ` GS 5 49 
8 CH, AP, SP 155 Normal GS 5 10 
9 CH, AP 210 Normal GS, CC 5 56 
10 CH, AP 130 Normal GS, CC 4 19 
li CH, AP 195 Normal GS 7 73 
12 CH, AP 110 Normal GS 5 11 
13 CH, AP 310 CBD Stone GS 9 66 
14 CH, AP 255 Normal GS, CC 6 93 
15 CH, AP 180 CBD Stone GS 7 31 
16 CH 205 Normal GS 5 93 
17 CH, AP 175 Normal GS, CC I1 48 
18 CH, AP 160 Normal GS, CC 6 63 
19 CH, AP 120 Normal GS 6 7 
20 CH, AP 185 CBD Stone GS 6 20 
2i CH, AP 165 Normal GS, CC 4 49 
22 CH, AP 210 Normal GS 4 50 
23 CH, AP 170 CBD Stone GS, CC 8 20 

24 CH, AP 205 Normal GS, CC 4 70 . 

25 CH, AP 175 Normal GS, AC 6 53 
26 CH, AP 165 Normal GS, CC 6 21 
21 CH, AP 195 Normal GS 7 33 


Key; CH = cholecystectomy; AP = appendectomy; SP = splenectomy; CBD = common bile duct; GS = gallstones; CC = chronic cholecystitis; 


AC = acute cholecystitis. 


be identified through the right upper quadrant incision, 
and one patient had a previous appendectomy at an- 
other institution. 

No patients experienced vaso-occlusive crises, pneu- 
monia, or other complications in the immediate postop- 
erative period. The total duration of hospitalization 
after surgery ranged from 4 to 16 days (mean 8 days, 
median 6 days). 

The range of follow-up in this patient population is 7 
to 117 months (mean 47 months, median 51 months). 
To date, the only surgical complication was a small 
bowel obstruction 4 months after surgery, which re- 
quired surgical re-exploration and lysis of adhesions. 


Discussion 


The sickle hemoglobinopathies are inherited hemato- 
logic disorders characterized by the presence of hemo- 
globin S (Hb S) and in vivo sickling of the erythrocytes 
under physiologic conditions. The molecular basis for 
red cell sickling is a single amino acid substitution, va- 
line for glutamic acid, in the beta chains of the hemoglo- 
bin molecule. Upon deoxygenation, molecules of Hb S 
within the red cell can polymerize, giving the erythro- 
cyte its characteristic curved or sickled shape. The prin- 
cipal clinical manifestations of this amino acid substitu- 


tion are chronic hemolytic anemia and both acute and 
chronic tissue damage produced by vaso-occlusion from 
sickled red cells. It is the chronic hemolytic anemia 
which predisposes individuals with sickle cell disease to 
cholelithiasis. 

In children with sickle hemoglobinopathies, choleli- 
thiasis may either be asymptomatic or associated with 
fatty food intolerance, postprandial cramping, abdomi- 
nal pain, nausea, or vomiting.”'° Acute cholecystitis 
with fever, leukocytosis, and right upper quadrant ten- 
derness can occur, as can choledocholithiasis. Distin- 
guishing symptoms of gallbladder disease from vaso- 
occlusive painful crisis by history and physical exami- 
nation may often be difficult. 

The prevalence of cholelithiasis in asymptomatic pa- 
tients with sickle hemoglobinopathies ranges from 4 to 
55%.''"!5 The lower prevalence figures are obtained 
using routine abdominal radiography and oral cholecys- 
tography,'! whereas the higher figures are from studies 
using ultrasonography for gallstone detection.'*:!3 There 
is a reported gender difference (female:male ratio rang- 
ing from 1 to 1.8:1), and evidence that increasing age is 
associated with an increased prevalence of gallstones. 
The hemoglobin phenotype, hemoglobin concentration, 
reticulocyte count, and bilirubin level have not been 
identified as predictive factors for cholelithiasis.!° 
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Our series of patients confirms the sensitivity of the 
sonogram to detect cholelithiasis, but also illustrates that 
routine sonography will not reliably detect common bile 
duct stones. Five of our patients (19%) had common bile 
duct stones demonstrated by an intraoperative cholan- 
giogram, but in only one patient were these stones de- 
tected by a preoperative ultrasonographic examination. 
Failure to detect these stones could necessitate addi- 
tional surgical procedures and increase morbidity. Al- 
though intraoperative cholangiography increased the 
duration of general anesthesia, the cholangiogram re- 
sults and the minimal complication rate justify this pro- 
cedure. Similarly, the additional time required for an 
incidental appendectomy is justified, as acute appendi- 
citis is difficult to differentiate from painful abdominal 
crises of sickle cell disease. 

Previous reports have described vaso-occlusive com- 
plications and death in patients with sickle hemoglobin- 
opathies following general anesthesia.” Several factors 
may have contributed to these deaths, including hy- 
poxia, dehydration, and acidosis. In 1969, Holzmann et 
al.!© reported a retrospective review of 50 patients with 
major sickle hemoglobinopathies who underwent gen- 
eral or regional anesthesia for surgical or obstetric pro- 
cedures. All patients received preoperative sedation, an- 
esthetic mixtures containing approximately 50% oxy- 
gen, and postoperative nasal oxygen. All 50 patients 
tolerated anesthesia well, although five had postopera- 
tive complications, including pneumonia, pulmonary 
infarct, and sepsis. Homi et al.!’ reported on 200 pa- 
tients with a major sickle hemoglobinopathy who un- 
derwent 284 episodes of general anesthesia. Although 
there were 55 perioperative and postoperative compli- 
cations, including six deaths, the authors concluded that 
the risks from general anesthesia itself were minimal. 

Many of the risks of surgery and anesthesia in patients 
with sickle hemoglobinopathies result from vascular oc- 
clusion by sickled erythrocytes. To minimize these risks, 
preoperative transfusions have been advocated by some 
to reduce the amount of Hb S. Janik et al.'® reported 35 
children with a sickle hemoglobinopathy who under- 
went 46 operations, including seven cholecystectomies, 
all of whom received a single preoperative transfusion of 
15-20 ml/kg packed erythrocytes. They reported no 
morbidity or mortality with this transfusion regimen. 
Fullerton et al.!? reported 50 children with Hb SS who 
underwent 67 operations requiring general anesthesia. 
All received a 2-week transfusion regimen designed to 
achieve a preoperative Hb concentration of greater than 
11 g/dl and a Hb S percentage of less than 30%. Seven- 
teen patients underwent cholecystectomy, out of a total 
of 51 “major” procedures. Four patients had postopera- 
tive fever, but there were no cases of vaso-occlusive 
crises and no deaths. Finally, Lagarde and co-workers” 
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reported 68 children who underwent 115 surgical pro- 
cedures, including 11 cholecystectomies. Approxi- 
mately one third of the patients received blood transfu- 
sions, but no quantitation of the Hb A percentage was 
made. Although 64 of the 115 procedures were “minor” 
or. “diagnostic,” there was a 44% morbidity and one 
death. Other authors, however, report low surgical mor- 
bidity and mortality without using preoperative transfu- 
sions.'7 | 

Our series of patients illustrates that preoperative 
transfusions may reduce both morbidity and mortality. 
We utilized a transfusion regimen designed to increase 
the percentage of hemoglobin A to greater than 65% of 
the total hemoglobin mass, while maintaining the total 
hemoglobin concentration between 11 and 14 g/dl. We 
also insured adequate perioperative hydration by using 
intravenous fluids at a rate of 1.5 times maintenance 
until patients had an adequate oral intake. None of cur 
patients experienced vaso-occlusive complications, and 
there were no deaths. 

Transfusion therapy, however, is not without risks. 
The potential hazards of blood transfusions include 
transmission of infectious diseases and erythrocyte allo- 
sensitization. While current routine transfusion practice 
includes screening for hepatitis B virus and human im- 
munodeficiency virus, a variety of known and possibly 
unknown infectious agents may be transfused into the 
recipient. The risk of alloimmunization has been mea- 
sured at 20-23% for patients with a sickle hemoglobin- 
opathy who receive long-term transfusion.?!* This high 
prevalence is partially explained by the fact that most 
blood donors are white, and most of the acquired anti- 
bodies are directed against antigens that are less preva- 
lent in the black population than in the white popula- 
tion. 

Because of the risks associated with transfusions, prc- 
spective randomized clinical trials are warranted to de- 
fine the necessity, if any, of preoperative transfusions fcr 
patients with sickle cell disease. Improvements in anes- 
thetic techniques, intraoperative monitoring, and a 
heightened awareness of potential complications may 
reduce the risks associated with general anesthesia in 
these patients. Our experience describes a transfusion 
regimen which effectively eliminated vaso-occlusive 
complications, and therefore can be used for compari- 
son to other regimens employing fewer or no transfu- 
sions. 

In summary, we report 27 children with major sickle 
hemoglobinopathies who underwent safe elective chole- 
cystectomy. Strict adherence to a preoperative transfu- 
sion regimen, careful anesthesia and surgery by pediatric 
specialists, and meticulous postoperative management 
insures the best possible outcome. An intraoperative 
cholangiogram and incidental appendectomy are: 
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and the additional anesthesia time is justified. Hemato- 
logic parameters necessary for safe elective surgery are 
not known, but those of our patients who achieved a Hb 
concentration between 11 and 14 g/dl and Hb A greater 
than 65% had no perioperative sickling events. Further 
investigation by controlled clinical trials is warranted to 
document the validity of our approach. 


10. 
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The best is not always good enough. The first choice, 


a patient’s own tissue, cannot always be used for surgical 
reconstructions. When this happens the Soft Tissue 
Patch becomes the natural choice. 

Since its introduction five years ago, the Soft Tissue 
Patch has performed exceptionally well in over 12,000 
clinical cases. These cases include a wide variety of 
applications: _ 

e Abdominal wall defects 
e Large and small 
hernia repairs 
e Thoracic wall defects 
+ Related pediatric 


e Rectal prolapse 
e Vaginal prolapse 
e Gastric banding 


The excellent performance of the Soft Tissue Patch is 
due to its: 
è soft, conformable nature 
+ high, balanced strength 
e resistance to the spread of infection 
e biocompatibility 
e lower incidence of visceral adhesions/tissue erosion 

~ GORE-TEX Soft Tissue Patch, the superior 

biomaterial, the natural choice. 

For more information, return the business reply card 
or coupon. To order call 800-638-4804. 
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Treatment of Cancer of the Liver 


Twenty Years’ Experience with Infusion and Resection in 414 Patients 
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The factors influencing survival for patients with cancer of the 
liver were studied by reviewing the records of 414 patients 
operated on in a private oncology practice. Approximately half 
(47%) had colorectal metastasis; 17% had metastatic breast 
carcinoma, 14% had malignant hepatoma, 5% had metastatic 
melanoma, and the remainder had a variety of primary cancers. 
Eighty-two per cent of all patients had advanced liver disease 
when first diagnosed. One quarter of the patients had some 
type of resection; the remainder had abdominal exploration 
plus insertion of an infusion catheter into the hepatic artery. 
The postoperative mortality rate after liver resection for 108 
patients was 6.5%. After resection, the most important prog- 
nostic factor influencing survival was the presence or absence 
of extrahepatic metastases. When possible, resection was by 
far the best treatment available, and the best results were seen 
in patients who had resection of a solitary lesion. For advanced 
disease, when resection was not possible, intra-arterial chemo- 
therapy, primarily with 5-fluorouracil (5-FU), was associated 
with response rates of 36% for colorectal cancer, 45% for 
breast cancer, 13% for hepatocellular cancer, 12% for mela- 
noma, and 14% for metastases from other primary sites. The 
patients who responded to infusion lived longer than those who 
did not respond. For example, at 18 months, 26% of the re- 
sponders with colorectal cancer were alive, as were 50% of the 
responders with breast cancer and 40% of the responders with 
hepatocellular cancer. In contrast, at 18 months, there were no 
survivors among the nonresponders with colorectal, breast, or 
hepatocellular cancer. For those patients treated solely by in- 
fusion chemotherapy, the extent of disease in the liver was the 
most reliable factor in predicting the length of survival. How- 
ever, very few patients treated in this manner lived longer than 
3 years. 
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N 1974, WE REPORTED OUR experience with infusion 
and resection for 128 patients with cancer of the 
liver.’ At that time, we pointed out that involve- 
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ment of the liver by metastatic disease is the most com- 
mon cause of death from malignant tumors, and that 
despite concomitant extrahepatic cancer, the extent of 
tumor within the liver largely determines the length of 
survival for most patients. Unfortunately, this situation 
has changed very little since 1974.” The liver is still the 
vital organ most likely to be invaded by metastatic carci- 
noma, and primary cancer of the liver remains a signifi- 
cant problem. To estimate the effect that an aggressive 
approach to cancer of the liver has on survival, we have 
reviewed the records of 414 patients treated in our pri- 
vate oncology practice since 1967. 

During the 20-year period of this study, we operated 
on 414 patients who had cancer of the liver. Of these, 
196 (47.5%) had colorectal metastasis, 71 (17%) had 
metastatic breast carcinoma, 58 (14%) had malignarit 
hepatoma, and 21 (5%) had metastatic melanoma. The 
remaining 68 patients (16.5%) had metastatic -disease 
from a variety of primary sites (Table 1). 

Extensive preoperative investigations were under- 
taken in each instance. During abdominal exploratory 
surgery, the amount of cancer within the liver was esti- 
mated and recorded as a percentage. On this basis, the 
patients were divided into three groups: those in Group I 
who had less than 25% liver involvement; those in 
Group II, who had 25% through 75% involvement; and 
those in Group III, who had more than 75% involve- 
ment (Table 1). 

Of the 414 patients in this report, 108 (26%) had some 
type of resection; 64 of these had resection plus infusion. 
The remaining 306 patients had abdominal exploratory 
surgery with insertion of an infusion catheter into the 
hepatic artery (Table 2). 
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TABLE 1. Patient Character‘stics—414 Patients Treated for Primary and Metastatic Cancer Cancer of the Liver 


Patients 
Tumor Total Male Female Synchronous 
Colorectal 196 110 86 125 
Breast 71 0 71 4 
Hepatocellular 58 34 24 N/A 
Melanoma 2i 13 8 o 2 
Miscellaneous 68 37 31 37 
Total 414 194 220 168 


* Group = Extent of liver involvement: Group I is less than 25%; 
Group II, 25- 75%; Group III, more than 75%. - 


Patients 
Colorectal Metastasis 


Of the 196 patients (110 men and 86 women) with 
colorectal metastasis to the liver, 157 (80%) were in an 
advanced stage of disease (Group II or III); 125 (64%) 
had synchronous disease, and 71 (36%) had me- 
tachronous disease. Fifty-seven (29%) had extrahepatic 
metastasis (EHM), 18 (9%) had a solitary tumor, and ten 
(2%) had jaundice. With reference to the primary tumor, 
three quarters of the patients had Dukes’ C lesions and 
one quarter had Dukes’ B lesions. Approximately one 
half of the 196 patients had synchronous Dukes’ C le- 
sions. 

Hepatic arterial infusion was the sole treatment for 
138 (70%) patients who were not considered candidates 
for resection, generally because of the amount and dis- 
tribution of cancer in the liver, or because of the extent 
of extrahepatic spread, or both. The remaining 58 (30%) 
patients underwent some type of resection (Table 3). : 

- Of the 138 patients treated by infusion alone, 94 had 
synchronous lesions; 51 (37%) had extrahepatic metas- 
tasis; and all but two had multiple tumors. Ten had 
clinical jaundice. The primary lesion was categorized as 
Dukes’ C in 101 patients (73.2%) and as Dukes’ B in 26 
(18.8%). The Dukes’ classification was unknown in 11. 
Fourteen patients (10. 1%) were in Group I, 66 (48%) 
were in Group II, and 58 (42%) were in Group III. 


TABLE 2. Treatment of 414 Patients with Primary 
and Metastatic Liver Cancer 


Local 


Major 
Resection Resection 
Resection plus plus’ Infusion | 
Tumor Only Infusion Infusion Only Total 
Colorectal 16 31 1} 138 196 
Breast 0 6 3 62 7i 
Hepatocellular 17 -3 0 38 58 
Melanoma © l 0 3 17 at 
Miscellaneous 10 5 2 51 68 


Total 44 45 19 306 414 


Group* 

I H HI Jaundice (+) EHM} Solitary 
39 99 58-10 57 18 
13 20 38 6 46 4 

8 19 31 9 16 20 

3 8 10 0 1] f 
13 29 26 3 4l 8 


76 175 163 28 171 51 


F EHM = Extrahepatic metastasis present. 


Fifty-eight of the 196 patients (30%) with colorectal 
metastasis underwent some sort of resection. Twenty- 
one had total or extended lobectomies, 26 had major 
resections less extensive than lobectomies, and- 11 had 
wedge resections. Of these same 196 patients, 31 had 
synchronous tumors, six had extrahepatic metastasis, 16 
had solitary lesions, and 42 had multiple metastatic 
tumors. Twenty-five (43%) were classified in Group I; 
the remaining 33 (57%) were in Group Il (Table 3). 

Of the 16 patients who had solitary tumors, ten had 
infusion in addition to resection. The size of the tumors 
removed from these patients is indicated in Table 4. 

Forty-two patients underwent resections for multiple 
metastatic tumors. Twenty-seven of these procedures 
were considered curative, while 15 were palliative (extra- 
hepatic metastasis and/or residual disease). Eighteen of 
the 27 patients with multiple tumors (66%) who had 
curative operations had bilobar disease, and 15 (55%) 
had more than three lesions. The size and numbers of 
these tumors are shown in Table 4. Of the 15 patients 
who had palliative operations, nine had residual disease 
of the liver, five had extrahepatic disease, and one had 
both residual disease and extrahepatic metastases. The 
extrahepatic metastasis was abdominal i in four patients 
and pulmonary in two. 


Breast M PANA 


Seventy-one patients were treated for breast cancer 
metastatic to the liver, 58 (82.0%) of whom were in an 


l advanced stage of the disease (Group II or III) at the 


time of treatment for the liver metastasis. Three quarters 
of the patients had positive axillary nodes at the time of 
mastectomy, and two thirds had extrahepatic metastasis 
at the time of treatment for the liver disease. The most 
common sites of extrahepatic metastases were bone, ret- 
roperitoneal lymph nodes, and various locations in the 
abdomen. Only four patients (5.6%) had solitary 
tumors. On abdominal exploratory surgery, ascites was 
found in seven patients (9.8%), all of whom had ad- 
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TABLE 3. Patient Characteristics of 196 Patients Treated for Colorectal Cancer Metastatic to the Liver 


Dukes’ 

Treatment Patients Male B C Synchr. 
Any eee 58 33 Li 39 31 
Infusion only 138 77 26T 101 94 
Total 196 110 43 140 125 


* Dukes’ class unknown in 2 patients; Synchr. = Synchronous dis- 
ease; EHM = Extrahepatic metastasis. 


vanced hepatic disease (Groups II or III). (Four of these 
seven died within 45 days; the remaining three died at 7, 
8, and 42 months.) 

All 71 patients had infusion, and nine had resection, 
as well (six major and three local procedures). Of those 
nine patients who had resections, eight had Group I 
disease. 


Hepatocellular Carcinoma 


Fifty-eight patients were treated for primary carci- 
noma of the liver, of whom 50 (86.2%) had advanced 
disease. Nine (16%) were icteric. 

Twenty patients had resections (19 major, 1 local), 
three with concomitant infusion. Of the 20 patients who 
had resection, five were in Group I, 12 in Group II, and 
three in Group III. For 38 patients, infusion was the sole 
treatment. 


Metastatic Melanoma 


Of the 21 patients who underwent exploratory surgery 
for metastatic melanoma, 18 (85.7%) had advanced dis- 
ease (Group H or III), and two had synchronous tumors. 
At the time of.treatment for their liver disease, 11 
(52.4%) had extrahepatic metastasis, and one patient 
had a solitary tumor. 


TABLE 4, Curative Resections for Colorectal Cancer 


Multiple Tumors 
Solitary Single Multiple 
Tumor Resection’ Resections Total 
Number of patients 16 9 18 43 
Group I (<25%) li l 10 22 
Group II (25-75%) 5 8 8 = 2] 
Unilobar 14 8 o l 23 
Bilobar 2 i 17 20 
Mean number of tumors i 3.4 4.8 
(range) (2-7) (2-12) 
Mean size* of tumors 6.8 cm 7.8 cm 4.75 cm 
(range) (1-15) (4-12) (1-10) 


* Size refers to the largest lesion. 


Group 
I H HI Jaundice (+) EHM Solitary 
25 33 0 0 6 16 
14 66 58 10 51 2 
39 99 58 10 -F ow 18 


+ Dukes’ class unknown in [1 patients; Group = Extent of disease in 
liver; Solitary = Solitary tumor in liver. 


One patient had a major resection, and three had local 
resections with infusion. The remaining 17 were treated 
solely by arterial infusion. 


Miscellaneous Metastatic Tumors 


Sixty-eight patients were treated for hepatic metas- 
tases from various other primary sites. Of these patients, 
12 had sarcomas and eight had carcinoids (Table 5). 
Other clinical features are listed in Table 1. Fourteen of 
these patients (20.5%) had major resections, six with 
concomitant infusion. Three (4.4%) had local resec- 
tions, two with infusion. Fifty-one patients (75%) re- 
ceived infusion alone. 


Technique 


In our previous paper,' we discussed several aspects of 
surgical technique for resection that we will not repeat 
here. In that paper, we also described various aspects of 
hepatic arterial infusion therapy that we consider im- 


TABLE 5. Miscellaneous Tumors According to Type 


Tumor Type No. 


_— 
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Sarcoma 

Lung 

Carcinoid 

Pancreas 

Biliary 

Kidney 

Stomach 
Lymphoma 

Ovary 

Bladder 

Cervix 

Prostate 
Cloacogenic carcinoma 
Pancreatic islet cell 
Malignant teratoma 
Adrenal 

Unknown 


Total 


oN 
oo 
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TABLE 6. Complications Folloveing Infusion 


Percent 
of Time after 
Total Insertion 

Number of patients with 

infusion catheters 370 
Number of patients with 

significant complications 57 15.4 
Dislodged catheter 28 TS 1-37 months 
Gastroduodenal ulcer* {2 3.2 2--11 months 
Clotted catheter 9 2.4 4-37 months 
Accidental removal by patient 4 kil 1--20 months 
Hepatic artery-choledochal 

fistula 4 1.1 4-49 months 
Thrombosed hepatic artery 2 0.5 411 months 
Infected catheter l 0.3 11 months 
Total number of 

complications 60 16.2 


* Two deaths from gastrointestinal hemorrhage 2 and 3 months after 
operation. 


portant. These include our routine performance of cho- 
lecystectomy, devascularization of the distal lesser cur- 
vature of the stomach and duodenum, and the need for 
meticulous placement of the arterial catheter, which we 
check by injection of fluorescein dye. The importance of 
catheter care was emphasized. 

All but one of our infusion patients were treated in the 
following manner. Immediately after the operation the 
catheter was connected to a large bedside pump, and the 
patient received an infusion of a solution of water with 
heparin and 5% dextrose. When the patient had suffi- 
ciently recovered from the operation, chemotherapy was 
begun, and continued up to the patient’s maximum 
drug tolerance, which is usually evidenced by transient 
liver pain associated with laboratory evidence of chemi- 
cal hepatitis. The patient was then shifted to an external 
portable pumping device (Cormed™, Cormed, Inc., New 
York, NY) for ambulatory chemotherapy with a lower 
dosage of the drug. The longest continuous period that a 
catheter has been left in place is 49 months. 

The most commonly employed drug was 5-fluoroura- 
cil (S-FU), which in two thirds of the patients was used 
exclusively. In an additional 15% of the patients, 5-FU 
was used in combination with other anticancer agents. 
In another 8% of the patients, 2’-deoxy-5-fluorouridine 
(FUDR) (Roche) was used, alone and in combination 
with other drugs. Doxorubicin was used in 6% of our 
patients, always as part of a multidrug regimen. Other 
less-used drugs included mitomycin, cisplatin, melpha- 
lan, actinomycin D, methotrexate, cyclophosphamide, 
vincristine sulfate, BCNU, and bleomycin. Our highest 
loading dose of 5-FU was 40 g over a 5-week period. 
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Complications 


Of the 306 patients who had infusion alone, 31 (10%) 
died within 30 days. Twenty-nine of the 31 who died 
(94%) had advanced disease (Group II or III), and the 
other two were classified in Group I. One of these two 
patients was an obese diabetic who had a radical left 
colectomy and a dual blood supply to the liver requiring 
two infusion catheters. Death on the 29th postoperative 
day was attributed to pneumonia, sepsis, and cardiac 
failure. The second Group I patient had infusion for 
extensive unresectable cancer of the pancreas with mul- 
tiple small liver metastases, and died on the 26th postop- 
erative day. 

A total of 370 patients underwent intraoperative in- 
sertion of hepatic infusion catheters. Sixty complica- 
tions occurred in 57 patients. These are detailed in Ta- 
ble 6. 

A total of 108 patients underwent liver resection (89 
major resections and 19 local). Seven patients died 
within 30 days of operation, accounting for an operative 
mortality rate of 6.5% (Table 7). 

Nonfatal postoperative complications included ab- 
dominal abscess (4), pneumcnia (2), cholangitis, wound 
infection, empyema, and septic thrombophlebitis (one 
each); biliary complications (one chronic biliary fistula 
and one sterile bile collection); hemorrhages (one from 
the portal vein stump and cne gastric); and one acute 
renal failure that responded to therapy. 


Data Analysis 


Although many of our symptomatic patients obtained 
palliative relief after therapy, this report focuses on sur- 
vival rates. In evaluating the results, it should be em- 
phasized that all patients are included in the computa- 
tions here and in all succeeding discussions (i.e. for 
colon, breast, and hepatocellular tumors, melanomas, 
and miscellaneous tumors). All survival times are calcu- 
lated from the date of infusion or resection. In calculat- 
ing the survival rates, no patient was excluded for any 
reason. Our graphs include those who died after opera- 
tion, those who had inadequate treatment, and both 
responders and nonresponders. 

The Kaplan-Meier method was used to estimate the 
survival pattern for patients in the study.’ The Cox pro- 
portional hazard model was used to identify prognostic 
factors that might influence the length of postoperative 
survival.* The level of p < 0.05 was used to determine 
statistical significance. The Cox model allows one to 
investigate the role that each factor plays in differentiat- 
ing survival patterns for patients in the study. The Cox 
model also provides an estimate of the relative risk, 
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TABLE 7. Deaths Within 30 Days Following Hepatic Resection for 108 Patients 


e Day 
Patient/Age (After 
(yrs) Primary Tumor Group Operation Operation) Complications 
1/57 Colon H Right lateral segmentectomy 27 Fatal arrythmia 
and infusion 
2/76 Colon I Extended right lobectomy {3 Acute renal failure 
and infusion 
3/60 Colon II Right lobectomy and 22 Intestinal obstruction 
infusion (Gelusil™ bezoar), 
hepatorenal failure 
4/57 Gastric lymphoma I Major left segmentectomy 4 Hemorrhagic pancreatitis 
and gastrectomy 
5/71 Colon II Right lobectomy and 24 Intestinal obstruction— 
infusion appendectomy 
adhesions, hepatorenal 
failure, myocardial 
infarction 
6/64 Hepatoma Ill Extended right lobectomy 12 Myocardial infarction 
7/78 Ovarian carcinomatosis I Multiple local excisions 29 Sepsis 


which is the ratio of the risk of dying for a patient with a 
prognostic factor to the risk for the same period as that 
of a patient without that prognostic factor. 

In general, the factors considered were the amount of 
cancer within the liver (Group I, <25%, Group JJ, 
25%-75%, and Group III, >75%); the presence of extra- 
hepatic metastasis; the number and distribution of met- 
astatic nodules; the presence of jaundice; and sex and 
age. Each of these factors was fitted singly into the Cox 
regression model. In studying colorectal cancer, we also 
examined the prognostic significance of the Dukes’ clas- 
sification of the primary tumor and the question of 
synchronism versus metachronism. 


Criteria for Response to Infusion 


Our criteria for a positive response to infusion therapy 
were (1) an adequate course of treatment with a major 
decrease in the size of the liver or metastases lasting 3 
months or longer, as measured clinically and by nuclear 
or CT scan, and (2) subjective improvement with im- 
provement in laboratory values, especially alkaline 
phosphatase and CEA levels. Negative responders 
(nonresponders) were patients who had adequate treat- 
ment and whose disease progressed. We also classified as 
a nonresponder any patient who had minimal change in 
the size of the liver or who had “stable” disease, regard- 
less of reported subjective improvement. The responses 
in a large number of patients could not be regarded as 
elther positive or negative because (1) they died before 
they could receive adequate treatment, (2) their tumors 
did not lend themselves to accurate measurement, or (3) 


they returned home to their referring physician, and 
thus we were unable to personally evaluate their re- 
sponse. The responses to infusion are shown in Table 8. 


Results 
Colorectal Metastasis—Infusion 


Of the 138 patients who were treated by infusion 
alone (90% of whom had advanced disease), 50 (36.2%) 
had a positive response (Table 8). The longest survivor 
had Group III disease (>75%) and lived 54 months. The 
median survival for patients with a positive response 
was 14 months (range: 2-54 months), while patients 
with a negative response had a median survival of 7 
months (range: 2-17 months). At 6 months, 94% of the 
responders were alive, compared with 66% of the 
nonresponders. At 12 months, these figures were 70% 
versus 19%, and at 18 months, 26% versus 0%. At 24 
months, 10% of the responders remained alive (Table 9). 

The median survival of Group I patients was 13 
months. As shown in Figure 1, there was no difference 
in the median survival rates of Group II and Group II 


TABLE 8. Response Rates After Infusion Therapy 


Number Positive Negative Not 
Tumor of Patients Response Response  Evaluable 
Colorectal 138 50 (36%) 42 (31%) 46 (33%) 
Breast 62 28 (45%) 11 (18%) 23 (37%) 
Hepatocellular 38 5 (13%) 14 (37%) 19 (50%) 
Melanoma 17 2 (12%) 7 (41%) 8 (47%) 
Miscellaneous 51 7 (14%)  26(51%) 18 (35%) 
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TABLE 9. Patients Alive at 6-Month Intervals According to Response to Hepatic Artery Infusion 


Tumor Number 6 Mos. 12 Mos. 

Posittve Response 

Colorectal 50 94% 70% 

Breast 28 82% 57% 

Hepatocellular 5 80% 80% 
Negative Response 

Colorectal 42 66% 19% 

Breast 11 36% 9% 

Hepatocellular 14 29% T% 


patients (6.9 versus 7.5 months). Patients with advanced 
disease (Group II or III) had a 45% greater risk of death 
than those in Group I (p = 0.19). 

We found no significant difference in length of sur- 
vival between patients with Dukes’ B and Dukes’ C 
tumors. 

Patients with extrahepatic disease had a 42% greater 
risk than those with no extrahepatic disease (p = 0.06). 
The median survival of patients with extrahepatic dis- 
ease was 6.8 months versus 8.0 months for those without 
extrahepatic disease. The l-year survival rate in the 
group with extrahepatic disease was 22.5%, compared 
with 32.7% for those who had no extrahepatic disease. 

The survival curves for patients with synchronous and 
metachronous metastasis were almost identical. Since 
only 10 of the 138 patients were icteric, the small sample 
precluded accurate conclusions. 

The influence of sex and age on survival was not sig- 
nificant. 


Colorectal Metastases—All Resections 


Patients with Group I disease had a 10-month longer 
median survival time than Group II patients (27.6 
versus 17.5 months), and a greater 5-year survival rate 


1 a Group I: < 25% 
À (N = 14) 
0.8 O Group If: 25% - 75% 
T (N = 66) 
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Fic. 1. Colorectal cancer. Survivals following treatment by infusion 
alone according to extent of liver involvement. 


18 Mos. 24 Mos. 30 Mos. 36 Mos. 
26% 10% 6% 4% 
50% 25% 21% 18% 
40% 40% 40% 40% 

0% 0% 0% 0% 
0% 0% 0% 0% 
0% 0% 0% 0% 


(21.9% versus 13.3%). Group II patients had a 60% 
greater risk than Group I patients, although at 5 years 
this difference was not significant (p = 0.11). 

Following resection, there was no significant differ- 
ence in the survival patterns between patients with syn- 
chronous tumors and those with metachronous tumors. 

Men had a risk of death 48% greater than women. 
Although the difference was not statistically significant 
(p = 0.2), the median survival time of men was 10 
months less than that of women (18.6 versus 28.7 
months). The 5-year survival rate was 13.9% for men 
and 20.2% for women. 

Age was a significant predictor of mortality (p 
= 0.005). For each additional year of age, the risk of 
death increased 4%. 

Patients who underwent resection for palliation (those 
who had extrahepatic disease or residual disease) had a 
risk of death 2.6 times greater than those who under- 
went resection for cure (p < 0.01). The median survival 
was 14 months less for patients who had palliative re- 
sections (13.9 versus 27.8 months), with no survivors 
beyond 38 months. The curative resection group had a 
5-year survival rate of 22.1% (Fig. 2). 

Figure 3 shows survival rates for 43 patients who had 
curative resections, comparing Group I and Group II 
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Fic. 2. Colorectal cancer. Survivals following curative and palliative 
resections (p < 0.01). 
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Fic. 3. Colorectal cancer. Survivals following curative resections ac- 
cording to extent of disease (p = 0.14). 


disease. The median survival for patients with Group I 
disease was 41 months versus 16.9 months for patients 
with Group II disease; however, 5-year survival rates 
were 25.3% for those in Group I and 18.0% for those in 
Group II (p = 0.14). 

After curative resection, we found no difference in 
survival curves with regard to Dukes’ classification (Fig. 
4). Patients with Dukes’ B lesions had a longer median 
survival time (32.1 months versus 25.1 months), but a 
lesser 5-year survival rate (11.7% versus 26.3%). 

Sixteen patients had resections for solitary tumors (13 
major and 3 local). As shown in Figure 5, the 5-year 
survival rate for patients with solitary tumors was 47.6% 
compared with 6.1% for those with multiple tumors. 
The median survival was 52.1 months for those with 
single lesions and 20 months for those with multiple 
lesions (p < 0.02). 

Considering only those patients who had curative re- 
sections, those with less than four lesions did signifi- 
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Fic. 5. Colorectal cancer. Survivals following curative resections, soli- 
tary versus multiple tumors (p < 0.02). 


cantly better than those with four or more lesions (p 
= 0.025). Only one patient with four or more lesions 
lived five years (Fig. 6). 

The survival patterns for all patients with unilobar 
and bilobar disease are depicted in Figure 7. The median 
survival times were 30.3 months for patients with unilo- 
bar disease and 23.6 months for those with bilobar dis- 
ease. However, the 5-year survival rate for the patients 
with unilobar cancer was 37% versus 2% for those with 
bilobar lesions. 


Breast Metastasis 


The survival rates as they accord with the extent of 
involvement are depicted in Figure 8. The differences in 
survivals according to the extent of disease (Groups J, II, 
and III) were significant (p = 0.0001). Group III patients 
had a risk of death 5.2 times greater than that of Group I 
patients, and Group II patients had a risk 2.0 times 


E i, 2, or 3 lesions 





a 





S (N = 28) 
> 0.8 O 4 or more lesions 
> YS (N = 15) 
a 0.6 in: 

> 7 

Q 

0.4 

o a 

© 

S 

= 0.2 

O 


0 10 20 30 40 50 60 70 80 
MONTHS 


Fic. 6. Colorectal cancer. Survivals following curative resections ac- 
cording to number of lesions {p = 0.025). 


30 STEHLIN AND OTHERS Ann. Surg, « July 1988 
1 O Unilobar disease ü Tis O Infusion alone 
(N = 25) cD (N = 62) 
= z 
= KR E Bilobar disease = 0.8 Æ Resection plus infusion 
= 0.8 ie (N = 18) S z N=9 
= a 
coord 
3 0.6 P 0.6 
= 0.4 
= 0.4 z 
z z 
= 0.2 r 0.2 
0. 





0 10 20 30 40 50 60 70 86 
MONTHS 


Fic. 7. Colorectal cancer. Survivals following curative resections, uni- 
lobar versus bilobar disease (p = 0.14). 


greater than that of those in Group I. Extrahepatic in- 
volvement and age were not significant factors. 

Of the 71 patients with breast cancer, 62 were treated 
with infusion alone. In this circumstance, the risk of 
dying was 3.4 times greater than if resection were done 
(p = 0.003). Twenty-eight of these 62 patients (45%) had 
a positive response to infusion; 25 of the responders 
(89%) had advanced disease (Group II or IJ). The me- 
dian survival of responders was 16 months (range: 3-60 
months), in contrast to a 3-month median survival for 
nonresponders. The longest survivor lived 60 months 
(Fig. 9). 

Of the 28 patients who had a positive response to 
infusion, 23 (82%) were alive at 6 months, compared 
with four (36%) of the 11 nonresponders. At 12 months, 
16 (57%) were alive, compared with only one (9%) of the 
11 nonresponders. At 18 months, 50% of the responders 
were living, but none of the nonresponders had sur- 
vived. And at 24 months, seven of the 28 responders 
(25%) were still alive (Table 9). 
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FIG. 8. Breast cancer. Survivals according to extent of involvement (p 
= 9.0001). 
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FIG. 9. Breast cancer. Survivals following infusion alone versus resec- 
tion plus infusion (p = 0.003). 


The survival rates after infusion only are compared 
with rates after resection plus infusion in Figure 9. Of 
the nine patients who had resection plus infusion, the 
patient who survived longest is alive and well 10 years 
after resection—a woman who had excision of four bi- 
lobar lesions. 


Hepatocellular Carcinome 


There was no significant difference between the sur- 
vival patterns of Group I and Group II patients, whereas 
there was a significant difference between those in 
Group II and Group III (p = 0.002). 

Of the 58 patients treated for primary carcinoma, 30 
had infusion alone. Five (13.2%) had a positive response 
and 14 had a negative response. The responders sur- 


vived 5, 12, 12, 41, and 50 months, respectively. At 6 


months, four of the five responders (80%) were living 
versus 4 of 14 (29%) of the nonresponders. At 12 
months, four of the responders were alive versus one of 
the nonresponders. And at 18 months, two of the five 
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Fic. 10. Hepatocellular cancer. Survivals following infusion alone 
versus any resection (p = 0.0002). 
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o f (R L) Characteristics, and Results 
Z 0.8 E Any resection 
= : (N = 4) Tumor Procedure Group Status Month- 
or 
z 0-6 Lymphoma, stomach Major Rsx + Inf. I DOD 0.5 
2 Ovary Local Rsx H DOD l 
ke 0.4 Uterine sarcoma Major Rsx I DOD L5 
a Unknown primary Local Rsx + Inf. HI DOD 2 
O Stomach Major Rsx I DOD 6 
© 0.2 Carcinoid Major Rsx + Inf. I DOD 8 
-a Lung Major Rsx + Inf. I DOD 9 
0 Gallbladder Major Rsx II DOD 15 
0 10 20 30 40 50 60 70 80 ssa va Local Rsx + inf. II LWD 21 
MONTHS Wilms’ tumor Major Rsx H DOD 22 
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resection (p < 0.05). Teratoma Major Rsx I DOD 44 
Carcinoid Major Rsx + Inf. H LWD 54 
Leiomyosarcoma,, Major Rsx + Inf. J DOD 59 
a small bowel 
responders were living, but none of the nonresponders Carcinoid Mae Re: 1 DOD 65 
had survived (Table 9). The responders who survived for Adrenal Major Rsx ll DOD 71 
41 and 50 months, respectively, had Group III disease Carcinoid Major Rsx + Inf. I LWD 172 


and were treated solely with infusion of 5-FU (Fig. 10). 

Of the 20 patients who had resection, six (30%) lived 
for at least 30 months, and three (15%) were alive and 
weli 9, 10, and 11 years after resection alone (Fig. 10). 
The patient who survived longest having had resection 
plus infusion lived 52 months. When resection was not 
possible and the patient was treated solely with infusion, 
the risk of dying was 3.3 times greater than if any resec- 
tion were done (p = 0.0002). 


Metastatic Melanomas 


Survival curves for patients with metastatic mela- 
noma treated solely with infusion and for those who had 
any type of resection are shown in Figure 11. 

Of the 21 patients who had metastatic melanoma, 17 
received infusion only. Two patients had a positive re- 
sponse, and both had Group H disease. They were 
treated with melphalan and doxorubicin, respectively, 
and lived 11 and 33 months. Of the seven patients who 
had no response to infusion, only two survived as long as 
4 months; they both died at 12 months. 

After resection, the patient who survived the longest 
lived 52 months. One other patient, 18 months after 
resection of multiple tumors plus infusion, survived 
with no evidence of disease. All others have died. 


Miscellaneous Metastatic Tumors 


Survival curves for patients with miscellaneous 
tumors treated solely by infusion and for those who had 
any type of resection are shown in Figure 12. 

Fifty-one of 68 patients (71%) with miscellaneous 
tumors were treated with infusion alone. Seven (13.7%) 
had a positive response (two of these patients had sar- 


Procedure: Rsx = Resection. Inf. = Arterial infusion. 

Group (extent of disease): I = <25%; I = 25-75%; HI = >75%. 

Status: DOD = Dead of disease. LWD = Living with disease 
NED = No evidence of disease. 


comas and one patient each had lymphoma, lung, pan- 
creatic islet cell, prostate, and unknown primary 
tumor). Survivals in this group of responders ranged 
from 10 to 23 months, with a median survival of 16 
months. 

Seventeen patients (seven of whom also had infusion) 
had resections (14 major, 3 local). The type of tumor 
and treatment for each are shown in Table 10. 

Of special interest in this group are the eight patients 
with metastatic carcinoids (Table 11). Four patients had. 
infusion and lived 4, 38, 44, and 53 months, respec- 
tively; however, because there was no significant de- 
crease in the size of their tumors, they were judged to be 
nonresponders. 


TABLE 11. Survival of Patients with Metastatic Carcinoids 


Procedure Group Status Months 
Infusion mM DOD 4 
Major Rsx + Infusion ] DOD 8 
Infusion III DOD 38 
Infusion III DOD 44 
Infusion HI DOD 53 
Major Rsx + Infusion H LWD 54 
Major Rsx I DOD 65 
Major Rsx + Infusion I LWD 172 


Procedure: Rsx = Resection. Inf. = Arterial infusion. 
Group (extent of disease); I = <25%; II = 25-75%; III = >75%. 
Status: DOD = Dead of disease. LWD = Living with disease. 
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TABLE 12. Three and 5-Year Survivals—All Tumors 


3-Year Survivors by Procedure 


Tumor Resection Rsx + Inf Infusion 
Colorectal 5/16 11/42 2/138 
Breast 0 5/9 4/62 
Hepatocellular 4/7. 1/3 1/38 
Melanoma 0/1 1/3 0/17 
Carcinoid l/l 2/3 3/4 
Miscellaneous 3/9 1/4 0/47 
Total 13/44 21/64 10/306 


* Of the 15 5-year survivors, four are now dead of disease, one is 
living with disease, and ten are living with no evidence of disease. Note: 
This table lists crude data only. It is not corrected for any patients who 
may be withdrawn alive before 3 or 5 years. 


All Tumors 


Table 12 shows 3-year and 5-year survival figures for 
patients with all types of tumor, categorized by the type 
of treatment received. Of the 15 patients who survived 5 
years, four are now dead of cancer, one is living with 
disease, and ten are alive and free of cancer. Of the ten 
patients alive and doing well, six had colorectal cancer, 
three had hepatoma, and one had breast cancer. 


Discussion 


When we initiated treatment, 82% of these patients 
had advanced liver disease (Group II or III). At the time 
of treatment for their liver disease, 41% had extrahepatic 
metastasis, and 7% had jaundice. Jaundice was most 
prevalent in patients with primary cancer of the liver 
(16%). One patient with a large hepatocellular cancer 
was referred to us with liver failure with massive ascites 
and jaundice, the latter produced by lymph node dis- 
ease obstructing the common bile duct. Following ex- 
cision of these lymph nodes, and decompression of the 
duct plus infusion, he became asymptomatic and sur- 
vived 41 months. This type of extrahepatic obstruction 
was also observed in several patients with colorectal and 
breast metastases. Following decompression and infu- 
sion, the patient who survived the longest (a patient with 
breast metastasis) lived 60 months. 


Complications 


Ten per cent of the patients undergoing infusion ther- 
apy died within the first 30 days. Of these, 94% had 
advanced disease (Group II or UJ). Today, patients who 
are in such desperate condition would probably be given 
a trial of more conservative therapy in the form of per- 
cutaneous hepatic arterial infusion. 

Sixteen per cent of our patients had complications 
related directly to catheters and drugs; the most com- 
mon complication was dislodgement of the catheter, 


5-Year Survivors by Procedure 


Total Resection Rsx + Inf Infusion Total 
18/196 2 5 0 7/196 
9/71 0 f! 1 2/71 
6/58 3 0 0 3/58 
1/21 0 0 0 0/21 

6/8 0 2 0 2/8 
4/60 ] 0 0 1/60 
44/414 6 8 ] *15/414 


Procedure: Rsx = Resection 
Inf. = Arterial infusion 


which occurred in 28 patients (7.5%) over periods rang- 
ing from 1 to 37 months (Table 6). The most serious 
complication was gastroduodenal ulceration in 12 pa- 
tients (3.2%); two patients died of this complication and 
the subsequent hemorrhage. Infection of the catheter 
occurred in only one of the 370 patients. Sclerosing 
cholangitis was never observed. This serious complica- 
tion has been reported elsewhere as ranging from 19% to 
56% in patients who received FUDR via the Infusaid™ 
pump (Shirley-Infusaid, Inc., Norwood, MA).>~’ 

After major resection, two patients died of hepatore- 
nal failure secondary to reoperation for intestinal ob- 
struction not directly related to the liver surgery. This 
highlights how potentially serious the consequences of 
reoperation are for patients who have just undergone 
right lobectomy. In the last 13 years, we have had no 
postoperative deaths after major resection. 


Colorectal Metastasis—Infusion without Resection 


Our interest in intra-arterial therapy dates back 30 
years. Utilizing arterial perfusion and infusion, we ob- 
tained objective responses with melanomas, soft tissue 
sarcomas, and squamous cell carcinomas of the extrem- 
ity that were not being obtained with intravenous sys- 
temic therapy.*"'? With regard to colorectal metastasis, 
more evidence has accumulated in the last decade 
showing the superiority in response rates for the hepatic 
intra-arterial infusion of fluorinated pyrimidines versus 
intravenous administration. For colorectal cancer, the 
intravenous route is associated with a response rate of 
about 20%.!3-!* In contrast, response rates after intra-ar- 
terial administration (mainly of FUDR) have averaged 
50% and varied from 30% to 80%.>”!"4 Two recent 
randomized studies comparing intra-arterial and intra- 
venous administration of FUDR provided further evi- 
dence that intra-arterial administration of the agent was 
associated with a significantly higher response rate, that 
is, 50% versus 19.6% and 37% versus 10%.?>7° 


> 
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What has not yet been proven is whether these im- 
proved response rates are reflected in improved survival 
rates. The ideal proof would be a prospective random- 
ized study of treated versus untreated patients. Such a 
study has not been reported, nor is it likely, in our opin- 
ion, that such a study will be done in this couniry. 
Others have attempted to compare patients who under- 
went infusion with historical controls of untreated pa- 
tients. 1'8 Their results indicate that survival appeared 
to be prolonged i in patients who received arterial infu- 
sion. In reporting an earlier retrospective study from the 
Mayo Clinic, Moertel*”?8 compared the survival of pa- 
tients treated with intravenous 5-FU with those who 
were untreated, stating that the patients were “identical 
in every identifiable clinical parameter.” He found that 
patients classified as nonresponders had survival curves 
that were “identical” to those of untreated patients. We 
analyzed the responders and nonresponders in our study 
and, based on evidence found during surgical explora- 
tion, compared the extent of disease in each category. 
The two groups were similar with regard to extent of 
disease: 84% of the responders and 95% of the nonre- 
sponders had advanced disease (Group II or III). At 12 
months, 70% of the responders were living versus 19% of 
the nonresponders; and at 18 months, 26% of the re- 
sponders were alive versus none of the nonresponders 
(Table 9). The improved survivals of responders versus 
nonresponders are consistent with other reports.”!???-7! 


Colorectal Metastasis—Resection 


Of the patients with colorectal cancer, 30% underwent 
some sort of resection. When analyzing factors in- 
fluencing the survival following all resections for colo- 
rectal metastasis (both curative and palliative), it is ap- 
parent that the presence of extrahepatic disease and/or 
residual disease exerted the greatest influence. 

As regards the 22% of patients with colorectal metas- 
tasis who underwent curative resections, several factors 
were studied. Opinions concerning the influence of the 


Dukes’ classification of the primary tumor on survival: 


have been mixed.” Our data do little to settle the 
issue. 

When comparing solitary tumors with multiple 
tumors, we found a major difference in the 5-year sur- 
vival rates (p < 0.02). Patients with solitary tumors had a 
47.6% rate versus 6.1% for those with multiple tumors. 
When patients with from one to three tumors are com- 
pared with those who have four or more, the 5-year 
survival rates differ markedly at 33.8% versus 0.7%. Al- 
most all published reports*>*”*?° acknowledge a pro- 
found difference in survival when four or more lesions 
are present, although there are minor differences of 
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FIG. 12. Miscellaneous cancers. Survivals following infusion alone 
versus any resection (p = 0.001). 


Opinion as to the prognostic significance of one to three 
clustered tumors.??747>-3738-4! Our data suggest that 
there is a difference—namely, that the presence of two 
or three lesions connotes a slightly worse prognosis than 
does a single lesion. When patients with two or three 
tumors were added to those who had solitary tumors, 
the 5-year survival rate of 47.6% for the patients with 
solitary tumors was reduced to 33.8%. 

Insofar as the solitary lesion is concerned, or the single 
tumor with one or two associated small satellite lesions, 
there is general agreement that resection should be done 
whenever possible.>77-344?-* Overall, mortality rates 
after resection are improving.***° Because of the poor 
prognosis associated with the removal of four or more 
metastatic lesions, there is no consensus about its 
value.3335,40 


Breast Metastasis 


Thirteen per cent of our patients with metastatic 
breast disease had resection. The remaining patients had 
extensive disease and were treated solely with infusion. 
Again, however, resection showed clear superiority of 
survival rates in this small group (Fig. 9). Among the 
patients who had infusion only, 45% were classified as 
responders, and their survival rates were clearly superior 
to those of nonresponders. As shown in Table 9, 50% of 
the responders were alive at 18 months versus none of 
the nonresponders. Again, as the volume of tumor in- 
creased, survival worsened (Fig. 8). 


Hepatocellular Carcinoma 


Twenty of these 58 patients (34%) had resection. 
Again, resection was clearly advantageous (Fig. 10). 
Thirteen per cent of the patients treated by infusion 
alone showed a positive response, with the longest sur- 
vival being 51 months. Again, responders outlived 
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nonresponders (Table 9); at 18 months, 40% of the re- 
sponders were alive versus none of the nonresponders. 


Metastatic Melanomas 


Of the 21 patients who had metastatic melanoma, 
four underwent resection. Survival in this group, regard- 
less of the type of therapy, was worse than that recorded 
for colorectal, breast, hepatocellular, or miscellaneous 
tumors (Fig. 11). Only two of 21 patients survived 24 
months. 


Miscellaneous Metastatic Tumors 


With the exception of the eight carcinoids, this was a 
heterogeneous group of tumors (Table 5) that neverthe- 
less again showed the superiority of resection over infu- 
sion (Fig. 12). As a group, these patients responded 
poorly to chemotherapy. Carcinoids, however, are of 
special interest and must be considered separately be- 
cause of their biologic behavior. Among our patients 
with carcinoid, the three longest survivors had under- 
gone resection (Table 11). 


Summary 


When liver cancer is first diagnosed, the disease is 
usually far advanced, and the results of its treatment are 
poor. At the time their disease 1s diagnosed, more than 
40% of these patients have extrahepatic metastases. 

Resection, when feasible, is today by far the best 
treatment, and the best results are seen when the patient 
has a solitary tumor. For patients who cannot be re- 
sected, the length of survival decreases as the volume of 
cancer in the liver increases. 

When resection is not feasible, arterial infusion, with 
5-FU as the primary drug, is associated with a response 
rate of 36% for colorectal cancer, 45% for breast cancer, 
and 13% for hepatocellular cancer. 

Among patients with advanced disease, those who re- 
spond to therapy live longer than those who do not 
respond, although for more than 90% of these patients, 
the improvement is limited to 3 years. 
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Intraperitoneal Hyperthermic Perfusion Combined 
with Surgery Effective for Gastric Cancer Patients 


with Peritoneal Seeding | 
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Fifteen patients with far-advanced gastric cancer were given 
surgical treatment followed by intraperitoneal hyperthermic 
perfusion (IPHP) with mitomycin C (MMC) and misonidazole 
(MIS), a thermosensitizing drug. Immediately after extensive 
resection of the abdominal tumors, a 2-hour IPHP was per- 
formed at the inflow temperature of 44.7 to 48.7 C, using 
equipment designed for treatment of cancerous peritoneal 
seeding as a closed circuit, and under hypothermic general 
anesthesia at 30 to 31 C. In nine of the 15 patients with perito- 
neal seeding and/or ascites, cancerous ascites was absent after 
this treatment. In all cases, repeated cytologic examinations of 
the lavage from Douglas’s pouch were negative. The postoper- 
ative courses were uneventful except for Patients 1 and 10, in 
whom slight leakage occurred. All patients were discharged 
and are in good health at the time of this writing, 7.2 + 4.6 
months after the treatment. The Case 4 Patient recently died in 
a traffic accident. In all patients, transient hepatic dysfunction 
and hypoproteinemia occurred after the operation. This exten- 
sive surgery combined with IPHP using MMC and MIS was 
well tolerated and is a safe antitumor treatment for gastric 
cancer with peritoneal dissemination. Nevers due to 


MIS was nil. 
pP tastasis from gastrointestinal cancer present 
great problems for the surgeon. Although the 
improved results of hepatic metastasis have been pro- 
duced by hepatectomy and/or intra-arterial cancer 
chemotherapy, !? peritoneal seeding remains unsolved. 
Hyperthermia is expected to supplement other modali- 
ties such as surgery, radiation, and chemotherapy in 
treating cancer patients. Hyperthermia possesses unique 
advantages, and aids in overcoming the weak points of 
surgery. The antitumor efficacy of hyperthermia in- 
creases, especially in superficial tumors, because there is 
no or little conduction of heat by the increased blood 
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flow in the normal tissues.2* Thus, in patients with far- 
advanced gastric cancer of Borrmann Type IV, hyper- 
thermia is currently the most effective treatment against 
numerous gastric cancer cells’ seeding on the peritoneal 
surface and floating in the cancerous ascites. Spratt et 
al.’ reported that a patient with peritoneal seeding pseu- 
domyxoma peritonei from the distal pancreas was 
treated with surgical resection of primary lesions fol- 
lowed by intraperitoneal hyperthermia. Furthermore, 
Sugarbaker et al.,° McBride et al., and Janoff et al.° 
reported that wide local excision and intra-arterial hy- 
perthermic perfusion were carried out for patients with 
invasive Stage I melanoma of the limbs. 

Because hypoxic cells are more sensitive to thermal 
damage,”!° misonidazole (MIS), a derivative of 2-ni- 
troimidazole (a hypoxic cell sensitizer), is used to en- 
hance the antitumor effects of hyperthermia alone.’ 
We reported the thermochemosensitizing effects seen 
with MIS.'3!4 We have now carried out clinical trial 
combined with gastric resection and intraperitoneal hy- 
perthermia with mitomycin C (MMC) and MIS on 15 
patients with far-advanced gastric cancer—in particular, 
with cancerous ascites or peritoneal seeding. 


Human Subjects and Study Regimen 


Beginning February 1986, 15 patients with far-ad- 
vanced gastric cancer underwent total, subtotal gastrec- 
tomy or pancreaticoduodenectomy combined with an 
intraperitoneal hyperthermic perfusion (IPHP), using 
closed peritoneal irrigation (Table 1). Treated were five 
men and ten women, aged 51.9 + 11.4 years. | 
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TABLE 1. Summary of Data on 15 Patients with Far-advanced Gastric Cancer and Undergoing Surgery 
Combined with Intraperitoneal Hyperthermic Perfusion 
TNM 
Drugs Used IPHP Classi- 
Sex fication 
Patent & MMC mg* MIS Inflow Outflow Time Peritoneal Ovarial 
No. age Surgery (ueg/ml)t g/m? (C) (C) (min) seeding metastasis T N 
l 34/f Bilateral oophorectomy 30 1.45 X2 45.3-46.5 43.8-44.7 120 +§ + T3 N3 
(10.0) ; 
Total gastrectomy,ł right 30 146X2 46.0-48.0 44.1-45.6 120 — — T3 T3 
hemicolectomy and (10.0) 
sigmoidal colectomy " 
2 50/f Total gastrectomy with 30 160X2 46.1-47.5 43.4-45.2 120 +§ — T3 N3 
splenectomy (10.0) 
3 55/m Distal subtotal 50 161X2 45.7-48.0 44.0-45.8 120 ~ ~ T3 N3 
gastrectomy (10.0) 
4 47/f Distal subtotal 50 146X2 45.3-47.8 44.3-45.7 120 ~ — T3 N3 
gastrectomy (14.3) 
5 68/f Total gastrectomy with 30 1.39X2 44.7-46.9 43.7~45.1 90 = — T2 N2 
splenectomy (10.0) 
6 39/m Total gastrectomy with 30 1.37 X2 46.1-48.6 44.2-45.9 120 +§ omn T4 N3 
splenectomy (10.0) 
7 38/f Total gastrectomy. 30 1,75 X2 46.0-48.4 44,7-46.1 120 + —— T4 N3 
splenectomy and distal (10.0) 
pancreatectomy 
8 41/f Tota! gastrectomy, 30 135X2 45.9-48.7 43.6-44.8 120 +$ -+ T4 N3 
splenectomy, (10.0) 
cholecystectomy, distal 
pancreatectomy, and 
bilateral oophorectomy 
9 39/f Total gastrectomy with 30 1.36 X2 45.5~48.5 43.5-45.1 120 +§ + T3 N3 
bilateral oophorectomy (10.0) , 
10 60/m Pancreaticoduodenectomy 50 1.44 X2 45.5~-47.9 43.3-45.7 90 — — T4 N3 
with partial resection of (10.0) 
the mesocolon 
[1 67/f Total gastrectomy with 30 1.39X2 47.1-48.7 44.5-45.4 120 —~ ~~ T2 N3 
splenectomy (10.0) 
12 Si/m Total gastrectomy with 30 141 X22 4§.0-48.1 44.2-45.3 120 + ~— T3 N3 
l splenectomy (10.0) 
13 64/f Total gastrectomy, 30 1.37 X2 45.9-48.5  43.9--45.7 120 +$ + T4 N3 
splenectomy, and (10.0) 
bilateral oophorectomy 
14 59/m Distal subtotal 30 139X2 45.2-48.6 44.0-45.4 180 _ m T3 N3 
gastrectomy (10.0) 
15 66/f Total gastrectomy, 30 157X2 46.0-48.7 44.7~-45.9 120 + + T4 N3 
splenectomy, and (10.0) 
bilateral oophorectomy 
* Total dose of MMC used. weeks after the first surgery. 


t MMC concentration in the perfusate at the start of IPHP. 


$ The second operation combined with IPHP was performed 5 


MIS, a thermosensitizing drug, was administered or- 


§ The massive thickened peritoneum in Douglas’s pouch was re- 
sected along with the neighboring seeding of the peritoneum. 


Under general anesthesia, tumor resection was per- 


ally 11 and 2 hours before surgery, in doses of 1.46 
+ 0.11 g/m?, according to Gianni et al.!> and Onoyama 
et al.’ MIS was provided by Dr. Daniel F. Hoth (Divi- 


sion of Cancer Treatment, National Cancer Institute © 


NIH, Bethesda, MD). 

To avoid inflow of the heated perfusate into the tho- 
racic cavity, patients requiring thoracicoabdominal sur- 
gery because of cancerous infiltration to the esophagus 
were excluded. All patients with serious cardiovascular, 
hepatocellular, and/or renal dysfunctions are ineligible 
for this IPHP treatment. 


formed prior to IPHP, except for Patient 1. When the 
metastases were detected in the ovaries and/or on the 
serosal surfaces of the intestine, bilateral oophorectomy 
and/or resection of those tumors were performed, and 
when tumorous metastatic foci were detected in 
Douglas’s pouch, extensive resection of the peritoneum 
was performed directly after removal of the primary le- 
sion (Table 1). | 

Immediately after the above-mentioned surgical pro- 
cedures, followed by temporary closure of the abdomi- 


nal wall, IPHP was performed with a closed peritoneal 
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Heat Exchanger 





Fic. 1. Schematic presentation of intraperitoneal hyperthermic perfu- 
sion. Semiarrows show flow direction of the perfusate. 


irrigation using 3000-5000 ml EL-Reflac fluid No. 1 
(Morishita Pharmaceutical Co. Ltd., Osaka, Japan), 
containing 10 ug/ml of MMC (Kyowa Hakko Co. Ltd., 
Tokyo, Japan). Throughout this IPHP, temperature 
measurements were made, using five thermometer 





Fics. 2A and B. A. Preoperative CT scan of Case 6 shows ascites 
(arrows) and the thickened gastric wall (semiarrow). B. CT after 5 
months shows no retention of ascites. 
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probes: at the points of inflow and outflow on the ab- 
dominal wall, Morison’s and Douglas’s pouches, and 
the upper space of the splenic flexure (the dead space 
after splenectomy). Temperature of the pulmonary ar- 
tery was measured by means of an inserted Swan-Ganz 
catheter (Fig. 1). 

Temperatures at the inflow point and in Douglas’s 
pouch or the outflow point were 44.7-48.7 C and 
43.3-46.1 C, respectively; and this IPHP was performed 
for over 120 + 18 minutes, on the average. At the start of 
this IPHP, the patient’s temperature was lowered to 
30.0-31.0 C with a cooling mat and ice bags (Fig. 1), and 
subsequently, special care was taken with regard to car- 
diorespiratory dysfunction and rising temperatures in 
the pulmonary artery during IPHP. In general, the tem- 
peratures in the pulmonary artery did not reach 41.0 C 
during a 180-minute period. 

During the IPHP, there was periodic sampling of the 
blood and perfusate. MMC concentrations in the blood 
and perfusate were measured by a HPLC method with a 
minimal assay level of 0.002 ng/ml. Serum MIS and 
desmethyl misonidazole (D-MIS) levels were also mea- 
sured by a HPLC assay with minimal assay levels of 0.1 
ug/ml and 0.02 ug/ml, respectively. Serum GOT, GPT, 
alkaline phosphatase, protein, and albumin, as well as 
serum electrolytes, were assayed before, during, and 
after the IPHP. 

After these treatments, all patients were followed up 
until the time of this report, with the a laboratory 
examinations. 


Results 
Efficacy of the Treatment 


As indicated in Table 1, these combined treatments 
were performed in 15 patients with far-advanced gastric 
cancer. In Cases 1, 2, 6, 8, 9, and 13, the massive thick- 
ened peritoneum in Douglas’s pouch was resected, along 
with the neighboring seeding of the peritoneum. Imme- 
diately after this combined treatment, there was no sign 
of cancerous ascites by CT scan and/or echography (Fig. 
2). For all patients, repeated cytologic examinations 
with the lavage in Douglas’s pouch were negative. All 15 
patients were discharged and are in good health. Patient 
4 recently died in a traffic accident. 

The Case 1 patient sought treatment for a distended . 
abdomen due to ascites, yet refused surgical removal of 
a gastric lesion. Only a 2-hour IPHP was carried out. 
Five weeks after this IPHP, she agreed to surgical resec- 
tion of the abdominal lesions, and the second operation 
was performed. Under this operation, no peritoneal 
seeding was found, which proved efficacy of the first 
IPHP. However, partial residual implantations were dis- 
covered in the colon and cecum. Thus, total gastrec- 
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Fic. 3. Mitomycin C concentrations in the perfusate and serum. The 
average and S.D. were calculated from data on 14 patients (except 
Patient 4). 


tomy was done in combination with right hemicolec- 
tomy and sigmoidal colectomy, followed by a 2-hour 
IPHP. She was discharged 5 weeks after the second 
operation, with minor leakage in the anastomosis of 
transverse ileocolostomy, but without complaints. 


MMC and MIS Concentrations During IPHP 


Figure 3 shows the time course of MMC concentra- 
tions in the perfusate and circulating blood. At the start 
of the hyperthermic perfusion, MMC level in the perfus- 
ate was 10 ug/ml (except in the case of Patient 4), and 
after 15 minutes, it decreased rapidly to about 5 ug/ml. 
The drug levels at 60 and 120 minutes were about 20 
and 15%, respectively, of the initial level. On the other 
hand, the MMC level in the circulating blood increased 
by about 0.2 ug/ml at 60 minutes after hyperthermia 
and was maintained until the end of this treatment. Ten 
minutes after the start of the hyperthermia, a 100-fold 
difference of MMC levels was observed between the per- 
fusate and serum; subsequently, the difference between 
these two compartments decreased to a tenfold. 

Pre, mid, and posthyperthermic serum MIS levels 
were 74.9 + 10.8, 67.5 + 8.9, and 61.5 + 8.8 ug/ml, 
respectively, whereas the levels of desmethyl-MIS were 
6.64 + 2.01, 6.21 + 2.19, and 5.78 + 2.04 ug/ml, respec- 
tively. . 
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Fic. 4. Time course of the average of white blood cell counts in 15 
patients. Each plot and vertical bar represents the average and S.D. in 
15 patients, respectively. 


Pre< Surgery> 


Side Effects 


The postoperative time course of white blood cell 
counts could not be distinguished between these 15 pa- 
tients and those treated with surgery alone (Fig. 4). Post- 
operative elevations in temperature after the IPHP 
lasted about 10 days longer than in the cases of surgery 
only. A steep elevation of serum GOT and GPT levels 
occurred posthyperthermically. Twenty-one days after 
the IPHP, the serum GOT level dropped to a norma! 
range, whereas a decline in the serum GPT level was 
delayed by | week, compared with serum GOT (Fig. 5). 
Postoperative levels of total bilirubin, alkaline phospha- 
tase, and y-GTP levels were normal. 
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Fic. 5. Changes of liver function tests following extensive surgery plu; 
IPHP. Plots and vertical bars represent the average and S.D. of i: 
patients, respectively. 
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Fic. 6. Time course of serum protein and albumin following gastric 
resection combined with IPHP. Each plot and vertical bar shows the 
average and S.D. of 15 patients, respectively. 


On the other hand, serum protein and albumin 
dropped during the hyperthermic irrigation and re- 
mained low for 3 to 4 days (Fig. 6). 

The side effects due to MIS, such as nausea, vomiting, 
and peripheral and central neurotoxicities!”'*!° 
were nil. 


Discussion 


Stern et al.” reported clinical data on 112 patients 
with advanced gastric cancer of Stage IH or IV. They 
found that prolongation of survival was obtained by 
palliative resection of the tumor, because it prevents 
life-threatening complications such as perforation and 
severe bleeding, as well as brings a reduction of tumor 
burden and immediate relief of gastrointestinal com- 
plaints. On the other hand, Shingleton et al.?! reported 
that for 14 patients with unresectable abdominal malig- 
nancy, intra-arterial regional perfusion with antitumor 
drugs was performed in the abdominal visceral area at 
41-42 C for more than 20 minutes. For the majority of 
the patients, this treatment brought about relief from 
pain and, in the case of two patients, prolongation of 
survival. | 

Sugarbaker et al.,° McBride et al.,’ and Janoff et al. 
reported that the prognosis of invasive Stage I malignant 
melanoma of the extremities was much improved by an 
aggressive treatment combined with wide local excision 
with regional lymphadenectomy and intra-arterial hy- 
perthermic perfusion with l-phenylalanine mustard at 
39-41 C for 45-60 minutes. 

Spratt et al. used an intraperitoneal hyperthermic 
perfusion system and performed an extensive resection 
of pseudomyxoma peritonei from the distal pancreas. 
Intraperitoneal perfusions at 42 C were performed 
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twice, using 105 mg of thiotepa or 75 mg of metho- 
trexate. 

As stated above, the intraperitoneal hyperthermic 
chemotherapy has a marked antitumor ‘efficacy against 
cancer cells’ seeding on the peritoneal surface and float- 
ing in the ascitic fluid, just as in the case of malignant 
cells in vitro treated by hyperthermochemotherapy. 
Barlogie et al.?* observed that with in vitro thermoche- 
motherapy for human colon cancer cells, the thermal 
sensitivity of this cell line increased abruptly as the tem- 
perature was raised from 42 to 43 C. Teicher et al.!° used 
EMT6 mouse mammary tumor cells and found a two- 
fold increase in the cell killing, under hypoxic condi- 
tions at the levels of 3.3 ug/ml of MMC at 43 C for 2 
hours, compared with oxygenated condition. 

The marked antitumor activity in this study is attrib- 
uted to (1) tumor resection to the most feasible extent, 
and the fact that (2) gastric cancer cells in the ascites and 
on the peritoneal and serosal surfaces were most sensi- 
tive to IPHP at 44-48 C for 2 hours or more, with MMC 
of about 3:3 ug/ml on the average. | 

The main purpose of the combined use of MIS is that 
this intraoperative hyperthermochemotherapy has the 
maximal antitumor efficacy at a given temperature, 
dose of MMC, and duration of heating. Although ther- 
mochemosensitizing effects of MIS were noted in the 
case of gastric cancer cells xenotransplanted into nude 
mice,!>!4 we could not distinguish the additional effects 
of MIS from antitumor effects due to hyperthermoche- 
motherapy only, because this was not a randomized 
study. However, since disseminating gastric cancer cells 
on the peritoneum and intestinal serosa sink under the 
heated perfusate, those cells are hypoxic and readily af- 
fected by MIS (a hypoxic cell sensitizer) as thermoche- 
mosensitizing effects. 

The most serious side effects of MIS are central and 
peripheral neurotoxicities;'”!®'? however, such side : 
fects did not occur in our patients. Schwade et al.” r 
ported the relationship between pharmacokinetic = 
rameters and the occurrence of peripheral neuropathy. 
They predicted that a patient will not have peripheral 
neuropathy if the area under the curve (AUC), total 
AUC, plasma elimination half time (Ty,), and plasma 
MIS level at time 0 (Co) are $1113 ug. hr/mi, £9245 
ug: hr/ml, $10.5 hr, and $77.4 ug/ml, respectively. In 
these 15 patients, the averages of AUC, total AUC, Ty, 
and maximal MIS level (Cy) were 1050 ug» hr/ml, 2100 
ug: hr/ml, 7.5 hr, and 97 ug/ml, respectively. The higher 
Cy, in these 15 patients may relate to the double admin- 
istration at 9-hour intervals, and the lack of side effects 
may be due to the low total AUC, that is, this low AUC 
and two administrations only. The total AUC seems to 
be the most reliable of the above-mentioned four fac- 
tors.” 
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The relation of MMC levels between the perfusate 


and blood differed from the findings of Spratt et al.,° 
presumably because of differences in the antitumor drug 
used, the perfusate, and peritoneal permeability. 
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Scintigraphic Assessment of the Anorectal Angle in 
Health and After Ileal Pouch-Anal Anastomosis 
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KEITH A. KELLY, M.D., and MANUEL L. BROWN, M.D. 


To determine whether the anorectal angle was preserved after 
ileal pouch-anal anastomosis, a simple, safe, low-radiation, 
real-time method of imaging the anorectum was developed. A 
cylindrical balloon was placed in the neorectum and anal canal 
and filled with a solution of "Tc in water. A gamma camera 
then imaged the angulation of the balloon while the subject was 
at rest, during sphincteric squeeze, and during a Valsalva ma- 
neuver. Thirteen healthy volunteers and six patients were stud- 
ied after ileal pouch-anal anastomosis. An angle was identified 
in all controls and patients. In the lateral decubitus position at 
rest, the mean anorectal angle in controls (102 + 18°; SD) and 
anopouch angle in patients (108 + 19°) were similar (p = 0.3). 
Sitting straightened the angle in both groups (p < 0.03), 
whereas sphincteric squeeze and a Valsalva maneuver sharp- 
ened the angle in both the sitting and standing positions (p 
< 0.03). In the lateral decubitus position, however, the pouch 
group was less able to sharpen the angle than were the controls 
(p = 0.04). In controls, the anorectal junction descended during 
sitting and elevated during squeeze (p < 0.03), but this did not 
occur in the pouch group. In conclusion, maneuvers favoring or 
stressing continence (squeeze, Valsalva) sharpened the anorec- 
tal angle and elevated the pelvic floor, whereas a maneuver 
favoring defecation (sitting) straightened the angle and caused 
the pelvic floor to descend. After ileal-anal anastomosis, the 
angle and its movements (except those while lying) were simi- 
lar to controls. Elevation of the pelvic floor during squeeze, 
however, was decreased, indicating a decreased mobility of the 
pelvic floor after operation. 
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NORECTAL CONTINENCE RESULTS FROM the 
complex interplay of several factors. These in- 
clude the anal canal high pressure zone, the 
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anorectal angle, rectal capacity, propulsivity, and 
evacuability, proximal colon motility, anal canal motil- 
ity, and. volume and consistency of the stool.’ Among 
these, the anorectal angle may be of central importance 
in maintaining gross fecal continence.* This angle is 
formed by the forward pull of the puborectalis muscle as 
it encircles the bowel at the anorectal junction (Fig. 1). 

Operations designed to preserve fecal continence in 
patients requiring excision of the colon and rectum for 
mucosal colonic disease should preserve the anorectal 
angulation. One such operation is ileal pouch-anal anas- 
tomosis (IPAA). In this procedure, an endorectal muco- 
sal dissection spares the anal sphincters, the puborectal 
muscle, and the distal tunica muscularis of the rectum. 
Construction of an ileal pouch restores reservoir capac- 
ity. The rectal wall is transected proximal to the pubo- 
rectal muscle, and the ileal pouch is pulled through the 
rectal lumen to the anal canal. In theory, the ability of 
the puborectalis muscle to maintain the anorectal (ano- 
pouch) angle, and in turn, fecal continence should be 
preserved. 

Indeed, most authors report that 75-85% of patients 
retain perfect fecal continence after this procedure.** 
The remaining 15-20% of patients have minor episodes 
of incontinence, especially at night, and about 5% have 
major problems with continence. Although the influ- 
ence of the ileal reservoir and of the anal sphincters on 
postoperative function has been documented exten- 
sively,” !°-!5 the role of the anopouch angle has not. 

We sought to define the anopouch angle after ileal 
pouch-anal anastomosis, to determine its response to 
stress and defecation, and to assess whether its move- 
ments differed from those of healthy volunteers. A new, 
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low-radiation, real-time scintigraphic method of imag- 
ing the anorectal angle was used. 


Materials and Methods 
Study Subjects 


Healthy volunteers. Thirteen healthy volunteers were 
recruited to participate as controls. There were seven 
men and six women, ranging in age from 25 to 61 years 
(mean + SEM, 35 + 3 years). None had undergone a 
colon or anorectal operation, and none complained of 
incontinence, constipation, or any other anorectal 
problem. . | 

Patients. Six patients who had undergone IPAA and 
closure of the temporary diverting ileostomy took part 
in the study. All patients were men, ranging in age from 
18 to 58 years (mean + SEM, 38 + 5 years). 

The mean period of time from closure of the ileos- 
tomy to participation in the study was 23 + 4 months 
(+SEM). All patients had a good functional result; the 
mean (+SD) daytime stool frequency was 6 + 1, with | 
+ 1 stools at night. No patients had gross fecal inconti- 
nence, but four patients experienced occasional fecal 
spotting at night. 

Consent. All subjects gave informed, written consent 
to a protocol approved by the Institutional Review 
Board of the Mayo Clinic. 


Conduct of Tests 


Volunteers and patients were admitted to the Outpa- 
tient Study Area of the Clinical Research Center, Saint 
Mary’s Hospital, where all testing was performed. Each 
volunteer and patient had fasted overnight and had 
taken one phosphate enema to empty the rectum (or 
pouch) | hour before the tests were begun. 


Anorectal Manometry 


Anorectal manometry was performed, using a per- 
fused 4-channel plexiglass probe (OD = 1.2 cm).’® The 
four 0.14 cm channels were oriented 90° apart and were 
located 1 cm proximal to the tip. The channels were 
perfused with 154 mm NaCl (37°) at the rate of 0.3 
ml/min via a low-compliance, pneumohydraulic perfu- 
sion system connected to Statham P23 strain gauges™ 
(Gould Recording Systems, Cleveland, OH) and a 
multi-channel recorder (Brush Gould 260™, Gould 
Electronics, Cleveland, OH). A balloon attached to a 
catheter which traversed the middle of the probe allowed 
assessment of the rectal anal-sphincter inhibitory re- 
sponse. 

Each volunteer and patient was placed in the left lat- 
eral decubitus position, and the probe inserted through 
the anal canal until it rested in the rectum. The position 
of the perfused ports in the rectum was confirmed by 
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Fic. 1. Diagram of the anorectal angle. The angle between the rectum 
and anal canal is formed by the anteriorly directed pull of the puborec- 
talis muscle. 


recording pressures of 5 mmHg or less. The probe was 
left in place for 3-4 minutes to allow the anal canal to 
accomodate its presence. A belt pneumograph recorded 
respiratory excursions. The probe was withdrawn | cm/ 
min, until the ports reached the anal verge and pressures 
dropped to zero. This technique provided a sequential 
pull-through resting pressure profile of the anal canal in 
four quadrants. The test was repeated, and the subject 
was asked to produce a voluntary squeeze with the probe 
positioned sequentially in the proximal, mid, and distal 
anal canal. Finally, the probe was repositioned in the 
highest resting pressure zone of the anal canal, and the 
rectal balloon was inflated and then deflated immedi- 
ately in 5 ml increments in order to elicit reflex anal 
canal relaxation (the rectal anal-sphincter inhibitory re- 
sponse). This technique of perfused anorectal manome- 
try has been validated in several earlier reports from our 
institution. !3!1516 


Scintigraphic Balloon Topography 


The balloon device used in this study was adapted 
from a design by Lahr et al.!’ It consisted of a latex 
balloon (16 cm in length, 2.24 cm in diameter) of low 
compliance. Inside the balloon was a semirigid rubber 
catheter (5.33 mm OD) that facilitated placement of the 
device through the anal canal. Connected to one end of 
the balloon was a large bore tube (*4” ID), which led to a 
fluid-filled reservoir. The reservoir could be raised or 
lowered. The height of the reservoir dictated the pres- 
sure within the balloon. The reservoir was filled with 
500 ml of water labeled with 40 mCi of °™TcO,, only 5 
mCi of which resided in the balloon during the tests. 
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Fic. 2. Diagram of the scintigraphic balloon device in place. The 
proximal portion of the balloon rests in the rectum, the central portion 
traverses the anal canal, and the distal portion projects beyond the anal 
verge. Radioactive markers are taped to the skin over the pubis anteri- 
orly and over the tip of the coccyx posteriorly. 


The balloon device was inserted through the anal 
canal and positioned in such a manner that the proximal 
portion rested in the lumen of the rectum (or ileal 
pouch), the central portion traversed the anal canal, and 
the distal portion, which was connected to the reservoir, 
projected from the anal verge (Fig. 2). By elevating the 
reservoir above the level of the anal canal, the balloon 
filled and assumed the contour of the rectum (or pouch) 
and the anal canal. To provide scintigraphic localization 
of the pubococcygeal line, radiolabelled markers were 
taped to the skin overlying the pubic symphysis and the 
tip of the coccyx. 

The balloon device was imaged by a large-field-of- 
view gamma camera (Star Cam; computer interface: 
Star; General Electric Co., Milwaukee, WT), fitted with a 
general all-purpose parallel hole collimator. Images were 
collected over 30-second periods in a 64 X 64 matrix 
format and displayed on a cathode ray screen. Data was 
stored on floppy discs, and hard copies of the scinti- 
graphic images were made in a 4-on-1 format (Star 
Imager, General Electric Co., Milwaukee, WI). 

Each volunteer and patient underwent scintigraphic 
balloon topography 30 minutes after completing the 
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anorectal manometry test. Subjects were placed in the 
left lateral decubitus position, and the balloon device 
was inserted. With the computer set to acquire data in 


_ |-second intervals, the reservoir was raised in incre- 


ments of 10 cm H,O until radioactivity could be seen 
within the anal canal. This pressure was defined as the 
anal canal “opening pressure,” and corresponded to the 
mean resting pressure of the anal canal. All scans were 
performed with the balloon device filled to this reference 
pressure. Images were collected for 30 seconds. Volun- 
teers and patients were then asked in sequence to 
squeeze against the balloon device for as long as possible 
and to perform a Valsalva maneuver, while images of 
the balloon device were acquired. This series of maneu- 
vers was repeated with the subjects in the standing and 
in the sitting positions. 


Analysis of Data 


Analog tracings of the pressure profiles of the anal 
canal at rest and during squeeze were analyzed. Resting 
pressures were determined by integrating the area under 
the curve in each | cm segment of the anal canal in each 
quadrant, whereas squeeze pressures were determined 
by integrating the area under the curve for each one 
third of the anal canal in each quadrant. A mean resting 
and mean maximal squeeze pressure value for the entire 
anal canal was then calculated for each volunteer and 
patient, with results expressed in mmHg. The rectal-anal 
sphincter inhibitory response was considered present 
(slight upstroke, followed by a sharp decline from base- 
line, which then rose slowly back to baseline over 25-30 
seconds) or absent. 

Anorectal and anopouch angles were measured from 
hard copy films of the scintigraphic image using a pro- 
tractor, and results expressed in degreés (Fig. 3). The 
axis of the anal canal was defined as the line drawn 
through the middle of balloon image of the anal canal, 
while the axis of the rectum (or pouch) was defined as a 
line drawn parallel to the most inferior portion of the 
rectal (or pouch) image just cephalad to the anal canal 
(rectal edge). Angles were determined for each volunteer 


- and patient at rest, during squeeze and a Valsalva ma- 


neuver in the left lateral decubitus, standing and sitting 
positions. 

The location of the anorectal (or anopouch) junction 
was measured in centimeters as the perpendicular dis- 
tance from a line drawn between the pubis and coccy- 
geal markers (pubococcygeal line) to the most caudal 
aspect of the rectal image (Fig. 3). The anorectal (ano- 
pouch) junction corresponds to that level of the anal 
canal encircled by the puborectalis muscle. Each milli- 
meter of hard copy film represented 0.5 cm in actual 
distance. The gamma camera’s parallel-hole collimator 
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Fic. 3. (Top, left) Hard copy scintigraphic image of balloon device in 
place at rest. (Top, right) Diagram of same image. The resting anorectal 
angle of 113° is described by the intersection of lines drawn along the 
rectal edge and through the mid point of the anal canal. Note the 
anorectal junction lies below the pubococcygeal line. (Bottom, left) 
Scintigraphic image in same subject during sphincteric squeeze. (right, 
bottom) The anorectal angle has sharpened to 93° and the anorectal 
junction has ascended. 


eliminated the need for parallax correction. Movement 
of the anorectal or anopouch junction from its resting 
point in the left lateral, sitting, and standing positions 
was determined during squeeze and Valsalva maneu- 
vers. 

Statistical analysis of changes in resting and squeeze 
anal canal pressures was performed by paired t-tests 
among individuals and by unpaired t-tests between 
groups. Likewise, comparisons of changes in anorectal 
and anopouch angulation and junction locations were 
made among individuals and between groups by paired 
and unpaired t-tests, respectively. 


Results 
Anorectal Manometry 


In the volunteers, the mean resting anal canal pressure 
was 82 + 14 mmHg (+SD), whereas in patients after 
IPAA, it was 60 + 19 mmHg (p < 0.01). The mean 
maximum squeeze pressure generated in the anal canal 
was 142 + 27 mmHg (+SD) in the controls and 117 
+ 30 mmHg (+SD) in the patients (p = 0.08). The rec- 
tal-anal sphincteric inhibitory response was present in 
all of the volunteers, but absent in all of the patients. 


Scintigraphic Balloon Topegraphy 


In the healthy volunteers, the configuration of the 
anorectal angulation and location of the anorectal junc- 
tion was imaged well by scintigraphic balloon topogra- 
phy (Fig. 4). Moreover, in each patient after ileal pouch- 
anal anastomosis, the existence of an anopouch angula- 
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FIG. 4. Scintigraphic image of balloon device in place in a healthy 
volunteer. During manuevers which facilitate continence (sphincter 
squeeze) or stress continence (Valsalva), the anorectal angle sharpens 
from its resting position. 


tion was confirmed, the configuration and movements 
of which were also imaged by the scintigraphic scanning 
technique (Fig. 5). ! 
The radiation exposure experienced by the patients 
and controls during scintigraphic balloon topography is 
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Fic. 5. Scintigraphic image of balloon device in place in a patient after 
ileal pouch-anal anastomosis. An angle is present between the pouch 
and the anal canal. As in health, this angle sharpens from its resting 
position during sphincter squeeze and the Valsalva manuever. 
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TABLE |. Radiation Dosimetry for Scintigraphic Versus 
Barium Techniques (mRad) 


Scintigraphic Balloon 
Topography (Based Barium Study (Based 
upon 5 mCi upon |-Minute Lateral 


9mTcO,.—Residence Fluoroscopy and Nine 


Time 30 min)" Lateral Spot Films 
External skin 
exposure (ESE) NA 5700 
Recturn 392 416 
Ovaries 33 416 
Testes 3 171 
Bone marrow NA 188 


* Dosimetry = 1.44 AS, where A = amount in Mci X effective tt 
(hrs); 5 = Source organ (rectum) to target organ constants (rectum 1.9 
E-4, testes 1.8 E-6, ovaries 1.8 E-5). 

NA = Not applicable. 


shown in Table 1. This dose of radiation to the repro- 
ductive organs is approximately 7% of that required for 
an equivalent study, in which barium sulfate with fluo- 
roscopy and spot films was used.'*!? The quality of the 
images obtained by scintigraphic topography was good, 
allowing ready measurement of anorectal and anopouch 
angles and movements of the pelvic floor. 
Measurements of angle. For the left lateral decubitus 
position (at rest), the mean (+SD) anorectal angle in 
controls was 102 + 18°, whereas in patients after IPAA, 
the mean anopouch angle was 108 + 19° (p = 0.3) 
(Table 2). Among controls and patients, moving to the 
sitting position straightened the resting angle, whereas 
standing did not have a similar effect. In controls, re- 
gardless of position, voluntary squeezing of the external 
anal sphincter sharpened the angle (Figs. 3 and 4). In 
patients after IPAA, however, a voluntary squeeze 
sharpened the anal-pouch angle in the standing and sit- 
ting positions only. In controls, performing a Valsalva 
maneuver sharpened the anorectal angle in all positions. 
In patients, however, a Valsalva maneuver sharpened 
the angle only in the sitting position. No differences in 
the angle were present between controls and patients, 
regardless of the position or maneuver, except in the 
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* Differs from resting location of same position, P<0.03 
+ Ditters from tying at rest, P~0.01 
+ + Differs from lying at rest, P<0.0C4 encore 


Fic. 6. Movements of anorectal junction in health and of anopouch 
junction after ileal pouch-anal anastomosis (IPAA). Lighter bars repre- 
sent movement (in cm) of anorectal junction from rest in healthy 
volunteers, while darker bars represent movements of the anopouch 
junction in patients after IPAA. 


lying position during sphincteric squeeze, where the 
angle was sharper in controls than in patients (Table 2). 

Movements of anorectal and anopouch junction. In 
controls as well as patients, the anorectal and anopouch 
junction remained below the pubococcygeal line in all 
positions (Figs. 3, 4, and 5). In the left lateral decubitus 
position at rest, the anorectal junction was located at a 
mean of 2.8 + 1.7 cm (+SD) below the pubococcygeal 
line in controls, and 1.8 + 0.8 cm in patients after IPAA 
(p = 0.3). Figure 6 compares movements of the anorec- 
tal junction in health and the anopouch junction after 
IPAA. Sitting caused descent of the anorectal junction 
in controls, but not in patients. On the other hand, 
standing had no effect on the location of the anorectal 
junction in controls, but did cause significant elevation 
of the anopouch junction in patients. Among the con- 
trols, voluntary squeeze of the external anal sphincter 
caused significant ascent of the anorectal junction in 
each position (see also Fig. 3). In the patient group, 
however, squeezing did not elevate the anopouch junc- 
tion significantly, regardless of position. A Valsalva ma- 


TABLE 2. Effect of Position and of Squeeze and Valsalva on the Anorectal Angle in Health and on Anopouch Angle 
after Ileal Pouch-Anal Anastomosis (IPAA) 


Anorectal/Anopouch Angle (x + SD; degrees) 


Decubitus 
Manuever (Control/IPAA) 
Rest 102 + 18/108 + 19 
Squeeze 81 + 194/96 + 14! 
Valsalva 87 + 23$/92 + 15 


* Differs from control decubitus rest, p < 0.02. 

t Differs from IPAA decubitus rest, p < 0.03. 

t Differs from control resting anorectal angle of same position, p 
< 0.03. 


Standing 
(Control/IPAA) 


Sitting 
(Control/IPAA) 


119 + .7*/116 + 16T 
87 + L5T/89 + 9§ 
100 + 164/96 + 7§ 


107 + 11/105 + 8 
88 + 64/92 + 118 
95 + 174/89 +9 


§ Differs from IPAA resting anopouch angle of same position, p 
< 0.02. 
| Differs from decubitus control squeeze angle, p < 0.05. 
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neuver resulted in significant elevation of the anorectal 
junction in controls in the sitting position only, whereas 
in the patients, no change was found in the position of 
the anopouch junction with Valsalva. 


Discussion 


Among the several mechanisms responsible for main- 
taining enteric continence and facilitating defecation, 
three factors emerge as being centrally important; these 
are an effective pelvic floor barrier to outflow, an ade- 
quate reservoir which empties spontaneously, and a 
manageable volume and consistency of enteric content.! 

Most studies assessing the barrier function of the an- 
orectum have focused on the anal sphincters and their 
role in maintaining a high pressure zone in the anal 
canal. The involuntary internal anal sphincter is be- 
lieved to be responsible for maintaining up to 80% of the 
resting tone of the anal canal,”°*! whereas the voluntary 
external sphincter is capable of generating squeeze pres- 
sures that are at least twice that of the resting pres- 
sure.'** Studies evaluating the capability of the 
sphincters in healthy subjects have suggested, however, 
that resting and squeeze pressures can be exceeded by 
maneuvers such as coughing, lifting, and straining.” 
These actions can generate intrarectal pressures of be- 
tween 130 mmHg” and 210 mmHg,” whereas resting 
and squeeze anal canal pressures rarely exceed 90 
mmHg and 180 mmHg, respectively.'® In addition, 
squeeze pressures can be maintained effectively for only 
30-50 seconds.?*?>© Clearly then, other mechanisms 
must compliment the anal canal high pressure zone in 
order for continence to be completely and reliably 
maintained. | 

One likely mechanism complimenting the anal canal 
high pressure zone is the configuration of the pelvic 
floor, formed predominantly by the anteriorly directed 
pull of the puborectalis muscle as it encircles the anor- 
ectum. The physiological correlate of these anatomic 
relationships is the anorectal angle. Parks et al.” as- 
signed anatomic importance to the angle, in that it 
would enable the anterior wall of the rectum to act as a 
“flap valve” at the level of the anorectal ring. When 
intra-abdominal pressures rose, the anterior wall of the 
rectum would be forced against the top of the anal canal, 
thus preventing aboral flow of content. Bartolo et al.” 
have recently disputed this hypothesis, ascribing instead 
a sphincter like function to the puborectalis muscle. 

Our new technique of scintigraphic balloon topogra- 
phy satisfactorily imaged the pelvic floor with far less 
radiation than is delivered by standard fluoroscopic 
techniques.!’-!?:*3: The degree of safety assured by scin- 
tigraphic methods allowed us to study and accumulate 
data in healthy volunteers—data that have been lacking 
because of concern for radiation safety. 
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We chose to measure the angle after the manner of 
Lahr et al.” and Preston et al., who also used a balloon 
(but filled with barium) to image the angle radiographi- 
cally. Other authors have used lines drawn through the 
middle of a rectal image obtained by infusing barium 
into the rectal ampulla proper, and not into a bal- 
loon.”®3° What is the best technique for measuring the 
angle remains debatable. 

Our studies in healthy volunteers showed that the 
anorectal angle, rather than being a fixed anatomic bar- 
rier to outflow, was dynamic, changing to accommodatz2 
the varying continence requirements of daily life. When 
maximum continence was required, such as when per- 
forming a Valsalva maneuver, the anorectal angle sharp- 
ened. Furthermore, voluntary squeeze of the external 
anal sphincter not only increased intra-anal canal pres- 
sures, but also sharpened the anorectal angle. Not sur- 
prisingly, movements of the angle which enhanced con- 
tinence occurred whether lying, standing, or sitting. 

The anorectal angle also changed configuration dur- 
ing maneuvers which facilitated defecation. When sub- 
jects sat and flexed the hips 90°, the anorectal angle, 
instead of sharpening, became more obtuse, opening zhe 
junction between the rectum and anal canal. In addi- 
tion, some electromyographic studies?! have shewn 
that straining results in reflex inhibition of the resting 
tone of the puborectalis muscle, thus relaxing it and 
allowing the angle to open even further. 

Our studies also showed that as the anorectal angle 
sharpened in response to squeeze or Valsalva, the ano- 
rectal junction ascended. In contrast, while subjects 
were sitting at rest, the more obtuse anorectal angle was 
associated with a lower anorectal junction. These obser- 
vations support and extend the findings of Phillips and 
Edwards,” who documented similar movements cf the 
pelvic floor in volunteers, using barium powder and 
cineradiography. Such a functional relationship seems 
teleologically sound. Ascent of the pelvic floor, corstric- 
tion of the puborectalis muscle and sharpening of the 
anorectal angle may elongate the anal canal high pres- 
sure zone, thus enhancing its effectiveness. In contrast, 
descent of the pelvic floor with opening of the anorectal 
angle may shorten the high pressure zone, rendering it a 
less effective barrier. Indeed, as the anorectal junction 
descends, a “funnel” is formed between the rectum and 
anal canal that facilitates movement of content into the 
anal canal.” 

In patients after IPAA, we documented that an angu- 
lation existed between the ileal pouch and the anal 
canal. This has not been reported previously. Angles 
measured in patients at rest in the lying, standing, and 
sitting positions were similar to those of controls. More- 
over, movements of the angle in response to sphincteric 
squeeze or Valsalva were largely maintained after oper- 
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ation. The magnitude of those movements likewise did 
not differ from controls. 

These findings are of particular importance, because 
it has been recognized that resting anal canal pressures 
are lower after [PAA than in health. !%!3-!534.35 Our find- 
ings of lower resting and squeeze pressures in patients 
after IPAA support these observations. Moreover, the 
rectal anal-sphincter inhibitory response was absent in 
all of our patients. Absence of this response in the ma- 
jority of patients is a finding common to most reports of 
anal-neorectal function following IPAA;!°!>35-37 the 
precise role of this reflex in maintaining enteric conti- 
nence, therefore, has been questioned.!!>? The pres- 
ence of a functioning anopouch angle likely helps main- 
tain continence after IPAA despite the presence of lower 
anal canal resting pressures and the absence of the rec- 
tal-anal sphincter inhibitory response. Interestingly, the 
anopouch angle could not be sharpened significantly 
from its resting position when patients squeezed while 
lying on their sides. This may be one factor which leads 
to the impaired continence experienced by some IPAA 
patients during the night.*°° Indeed, four of the six 
patients studied experienced episodic nocturnal inconti- 
nence. Additional studies are needed, however, to ascer- 
tain whether the degree of continence achieved by pa- 
tients after ileal pouch-anal anastomosis is related 
directly to the anopouch angle and the movements of 
the anopouch junction. 

Although a functioning anopouch angle was main- 
tained after IPAA, movements of the anopouch junc- 
tion were disturbed. The junction did not ascend readily 
from its resting position with squeeze, nor did it descend 
with sitting. However, the junction did ascend with 
standing. This suggests that in our patients, the pelvic 
floor was tethered in some positions, either as the result 
of scarring or because of the limited elasticity of the 
small bowel mesentery as it is stretched down to the anal 
canal. 

Despite reduced mobility of the pelvic floor after 
IPAA, the anopouch angle largely maintained its dy- 
namic characteristics. This suggests that the patients 
may have compensated for changes in pelvic floor mo- 
bility by varying intra-abdominal pressure and puborec- 
talis muscle recruitment during sphincteric squeeze and 
Valsalva maneuvers. Furthermore, such a finding im- 
plies that, in certain situations, movement of the anorec- 
tal angle may be independent from movements of the 
pelvic floor. 

Although movements of the angle are reported as 
static measurements in this study, the images can be 
replayed and a composite “picture” of movements of 
the angle and pelvic floor obtained. This technique 
might be useful in the clinical evaluation of patients 
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with disorders of defecation, such as constipation, and 
of patients with anal incontinence. 

In summary, a scintigraphic technique for imaging 
movements of the anorectal angle and pelvic floor was 
developed. The technique exposed subjects to low doses 
of radiation and therefore allowed studies of healthy 
volunteers. We found that an anorectal angle was 
present in all volunteers. Maneuvers favoring or stress- 
ing enteric continence sharpened the anorectal angle 
and caused the pelvic floor to ascend. In contrast, ma- 
neuvers that favored defecation opened the anorectal 
angle and caused descent of the pelvic floor. We found 
that after IPAA, an anopouch angle was present in all 
patients, and that movements of the angle largely re- 
sembled movements of the anorectal angle in health. 
However, movements of the pelvic floor were disturbed 
and the anopouch angle did not sharpen effectively 
when patients lay on their sides. These findings, together 
with the lower resting pressures and absence of the rectal 
anal-sphincter inhibitory response may, in part, explain 
why after ileal pouch-anal anastomosis, patients are 
largely continent of enteric content, but may experience 
occasional leakage, especially at night. Finally, these 
studies support the concept that an effective barrier to 
outflow is the result of a dynamic interplay between the 
anal canal high pressure zone and the changing configu- 
ration of the anorectal angle. 
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Construction of an Ileal Reservoir in Patients with a 
Previous Straight Endorectal Ileal Pull-through 





ERIC W. FONKALSRUD, M.D., MATTHIAS STELZNER, M.D., and NANCY MCDONALD, R.N. 


A decade has passed since Martin and associates presented the 
first series of endorectal ileal pull-through (PT) procedures 
with straight ileoanal anastomosis for treatment of ulcerative 
colitis and polyposis. During the ensuing years, several medi- 
cal centers have reported their results using the PT. Although 
some children have experienced good results, the majority of 
adults and children have had severe problems associated with 
high stool frequency, urgency, and incontinence. Between 1977 
and 1987, 12 patients underwent colectomy and straight PT for 
ulcerative colitis or familial polyposis under the direction of a 
single surgeon. In this group, the average number of stools 
varied from six to 45 movements per 24 hours (mean, 18). In 
seven patients, high stool: frequency (mean, 24 per 24 hours), 
partial fecal incontinence, and urgency that led to moderate to 
severe limitation in physical, social, work, and sexual activities 
made it necessary to convert the straight PT to an ileal reser- 
voir. For each of these patients, the ileal PT segment was 
separated from the rectal muscle cuff, a lateral isoperistaltic 
reservoir was constructed, and the ileoanal anastomosis was 
re-established in a one-stage operation. One additional patient 
decided to return to a conventional ileostomy. All seven pa- 
tients who underwent conversion to a PT with reservoir had no 
major complications, and each improved markedly in their 
clinical status. Daytime stool frequency was reduced by a mean 
of approximately 50%, whereas nocturnal frequency was de- 
creased by a mean of 60%. Incontinence and fecal urgency were 
relieved significantly. In conclusion, for patients who develop 
problems with a straight PT procedure and who desire to avoid 
a permanent ileostomy, conversion to a PT with a lateral ileal 
reservoir is a valuable alternative with low risk and a high 


likelihood of success. 

D mucosal proctectomy and endorectal ileal 
pull-through (PT) operations have been per- 

formed with increasing frequency in order to obviate the 

unpleasant and cumbersome features of a permanent 

ileostomy and the morbidity of proctectomy for patients 


URING THE PAST DECADE, total colectomy, 
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with chronic ulcerative colitis and colonic polyposis. Al- 
though in 1933, Nissen’ first described a case of total 
colectomy with ileoanal PT to re-establish intestinal 
continuity, the prototype of this procedure was initially 
developed by Ravitch and Sabiston in 1947.7 Nonethe- 
less, it was not until 1977, when Martin and associates? 
reported a good outcome in 15 of 17 patients with a 
straight endorectal ileal PT operation after colectomy 
and mucosal proctectomy, that the technique became 
generally accepted by the surgical community as a suit- 
able operation for the treatment of ulcerative colitis and 
familial polyposis. 

Although 6 to 10 years ago, the straight endorvectal 
ileal PT without reservoir was recommended by several 
surgeons,*© long-term followup of the patients has indi- 
cated that the majority experience persistent stool fre- 
quency and urgency which interferes greatly with perfor- 
mance of daily activities. Furthermore, incontinence 
often becomes increasingly more prominent. Thus, the 
majority of surgeons performing the endorectal tleal PT 
operations have used an ileal reservoir above the 
ileoanal anastomosis to reduce peristalsis in the distal 
ileum, and to provide a storage area for fecal material. 
Although several reservoir designs have been used, the 
configuration appears less important than the assurance 
that the reservoir is relatively small (less than 15 cm in 
length) and that the lower end of the reservoir extends 
down to within 2 cm of the ileoanal anastomosis. 

Since some reports continue to recommend the use of 
the straight endorectal ileal PT procedure,’® this study 
was undertaken to review our clinical experience with 
14 patients who underwent colectomy with mucosal 
proctectomy and endorectal ileal PT without a reservoir. 
During long-term follow-up, stool frequency and ur- 
gency became so severe that seven patients underwent 
subsequent construction of a lateral ileal reservoir. 
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TABLE 1. Patients with a Straight lleal Pull-through Procedure (1977-1987) 
Daily Nocturnal Anal 

Age/Sex Disease BMs BMs Urgency Incontinence Irritation Activity Outcome 

29 yrs, F Polyposis 15 7 +++ 0 + 3 Reservoir after 15 mo. 
17 yrs, M Colitis 40 5 ++ +++ + 3 Reservoir after 11 mo. 
38 yrs, M Colitis 15 5 ++ ++ + 2 Reservoir after 11 mo. 
41 yrs, F Colitis 12 3 +++ +++ ++ 4 Reservoir after 13 mo. 
34 yrs, F Colitis 20 5 ++ 0 + 2 Reservoir after 13 mo. 
23 yrs, F Colitis 8 2 ++ ++ ++ 3 Reservoir after 6 mo. 
37 yrs, M Colitis 16 4 +++ ++ ++ 4 Reservoir after 11 mo. 
32 yrs, F Colitis 15 4 ++ +++ ++ 3 Heostomy after 5 mo. 
16 yrs, M Colitis 6 2 ++ ++ ++ 1 Straight PT for 13 mo. 
26 yrs, M Colitis 5 Í ++ 0 0 l Straight PT for 17 mo. 
20 yrs, M Colitis 15 5 ++ 0 + 2 Straight PT for 4 mo. 
43 yrs, M Colitis 12 2 ++ 0 ++ 2 Straight PT for 6 mo. 





BMs = Bowel movements; PT = Pull-through; Activity = Limita- 
tions in social, professional, physical, and sexual activities (average 
score; see text). 

Urgency: +++ = continuously, ++ = disturbing, + = normal; In- 


Three additional patients underwent construction of an 
ileostomy. 


Materials and Methods 


From 1972 to 1987, 168 patients with ulcerative co- 
litis or familial polyposis underwent total colectomy, 
mucosal proctectomy, and endorectal ileal PT with di- 
verting ileostomy at the UCLA Medical Center. In 154 
of these patients (six of whom are awaiting ileostomy 
closure), an ileal reservoir was constructed. Fourteen 
patients had a straight endorectal ileal PT procedure. In 
this latter group including three children, no reservoir 
was constructed, because of obesity with thickened and/ 
or shortened small bowel mesentery, deep pelvic config- 
uration, or pelvic scar tissue from previous operations. 
Four of these patients required dilatation of 1leoanal 
strictures, and one required laparotomy for lysis of in- 
testinal adhesions in association with a large ovarian 
cyst. 

Each of the 12 patients with the endorectal PT with- 
out reservoir performed during the 10-year period from 
1977 to 1987 were reviewed in a detailed follow-up 
study. The preoperative condition and current status of 
the patients were assessed regarding stool frequency, ur- 
gency, fecal continence, anal ulcerations, discomfort, di- 
etary restrictions, and need for medications. Addition- 
ally, each patient was interviewed and asked to grade his 
social, professional, physical, and sexual activities using 
a scale ranging from 1 (very good) to 4 (unsatisfactory) 
(Table 1). The scores were averaged between several 
evaluations for each patient ranging from 3 to 14 
months after operation. 

Eight of the 12 patients with a straight endorectal ileal 
PT procedure had unacceptably high stool frequency 
exceeding 12 to 15 movements per day and four or more 


continence: ++++ = continuous soiling, +++ = soiling 1-3x/day, 
++ = stains 1-3 X/day, + = stains occasionally, 0 = rare or no soiling 
(<1X/week); Anal irritation: 0 = none, + = erythema, ++ = excoria- 
tions. 


movements per night, had mild to moderate soiling that 
became worse with time, experienced severe fecal ur- 
gency, and developed persistent anal ulcerations which 
caused discomfort. Severe dietary restrictions and the 
use of extensive constipating medications did not appre- 
ciably improve the status of these eight patients, such 
that each were severely restricted in social, professional, 
physical, and sexual activities to an unacceptable degree. 
Each of these patients requested that an ileostomy be 
performed or that a reservoir be constructed if feasible. 
One additional patient is currently considering opera- 
tion. In each of the patients, gastrografin enemas per- 
formed 4 to 9 months after operation showed negligible 
distension of the terminal ileum and active peristalsis 
extending down to the anus (Fig. 1). 


Operative Procedures 


One of the 12 patients underwent construction of an 
end ileostomy, leaving the ileal PT segment in place as a 
blind-ended segment of less than 20 cm in length. Seven 
patients underwent laparotomy with construction of a 
lateral isoperistaltic ileal reservoir of 12-14 cm length.’ 
With the patient in the lithotomy position, the abdomen 
was entered through the previous lower midline surgical 
scar, Although mild adhesions were present in each pa- 
tient, none had dense adhesions, evidence of intra-ab- 
dominal infection, or inflammation of the small intes- 
tine which might suggest Crohn’s disease. Two women 
had an ovarian cyst, but in neither was it believed to be 
related to the fecal urgency and frequency. 

In six of the patients, the ileal PT segment was mobi- 
lized circumferentially in the pelvis, using a combina- 
tion of sharp and blunt dissection, and with great care to 
preserve the blood supply to the entire ileum. The dis- 
section was carried between the rectal muscle cuff and 
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Fic. 1. Gastrografin enema performed 8 months after colectomy, mu- 
cosal proctectomy and straight endorectal ileal PT procedure. There is 
negligible dilatation of the distal ileum. 


ileum, down to within 2 cm of the ileoanal anastomosis 
(Figs. 2A, B). After dilating the anus, the full thickness of 
. ileum was dissected from the anorectal muscle cuff, 
using scissors and cautery. The ileal PT segment was 
then retracted into the abdomen, and the distal 2 cm was 
~ resected (Fig. 3). The ileum was then divided 15 cm 
from the end, with care taken to preserve the mesenteric 
blood supply to the lower segment. Using a GIA stapler, 
the antimesenteric side of the distal segment was then 
anastomosed to the side of the proximal ileum. A 
1.5-2.0 cm spout of the distal ileal segment was pre- 
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Fics. 2A and B. (A) Mobilization of straight ileal PT from rectal 
muscle cuff is performed with a combination of scissors, cautery and 
blunt dissection. (B) Lower 2 cm of ileal PT is elevated from rectal 
muscle from below with scissors and/or cautery. 
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2cm 


End resected 


FIG. 3. Following removal of straight ileal PT from the pelvis, the distal 
1-2 cm is resected to obtain a clean margin. The ileum is divided 
approximately 15 cm from the end, but the blood supply is main- 
tained. The antimesenteric side of the distal ileum is then anastomosed 
to the side of the proximal tleum with a GIA stapler. 


served for anastomosis to the anus. After stapling, the 
remaining open ends of the adjacent ileal segments were 
closed with running sutures of 3-0 Vicryl™ (Ethicon, 
Inc., Somerville, NJ) as an inverting stitch (Fig. 4). A 
second layer of continuous 3-0 Vicryl was placed as a 
seromuscular stitch around the entire anastomosis. The 
completed reservoir measured between 13 and 15 cm 
for each of the patients. The muscle in the anorectal cuff 
was not disrupted or damaged by the dissection. Thor- 
ough hemostasis was achieved with electrocautery, and 
the pelvis was irrigated copiously with antibiotic solu- 
tion (Ancef,™ Eli Lilly, Inc., Indianapolis, IN). The 
spout of the ileal reservoir was loosely oversewn with 
traction sutures and then drawn through the rectal mus- 
cle cuff to the anus. The end of the ileal spout (full 
thickness) was sutured to the anoderm and underlying 
muscularis circumferentially, using interrupted 2-0 Vi- 
cryl stitches; approximately 24 sutures were used. The 
ileal mesentery was sutured to the posterior abdominal 
wall to prevent herniation. A No. 30 Foley catheter was 
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placed through the anus into the reservoir, such that the 
tip resided just above the cephalad portion of the reser- 
voir. The catheter was left in place for 6 days and was 
irrigated twice daily with dilute antibiotic solution 
(Ancef). A gastrografin enema was performed through 
the catheter on the 6th postoperative day. In none of the 
patients was there evidence of leak or fistula formation. 
Each patient was then started on oral feedings and rap- 
idly advanced to a full regular diet. Each patient re- 
ceived intravenous antibiotics and steroids during the 
first 5 days after operation. Thereafter, a rapidly taper- 
ing schedule for prednisone was given and each patient 
was given 250 mg of Flagyl™ (Searle Pharmaceuticals, 
Inc., Chicago, IL) three times daily. 

In the seventh patient, the ileum was tenaciously ad- 
herent to the lower rectal muscle cuff, and it was not 
considered feasible to remove the ileum without 
disrupting some of the rectal muscle. Accordingly, the 
lower 3 cm of ileum was left attached to the rectal mus- 
cle cuff. The ileum was divided approximately 15 cm 
above this level and the proximal end was closed with 
the GIA stapler and then further oversewn with Vicryl 
stitches. A long lateral reservoir was constructed over a 
distance of 14 cm in two layers using continuous 3-0 
Vicryl for each layer. A No. 30 Foley catheter was left in 
the reservoir for 6 days after. the procedure, and a Gas- 
trografin enema performed at that time showed no evi- 
dence of leak. 


Results 


After the conversion of the straight endorectal ileal PT 
to a lateral ileal reservoir, each of the seven patients who 
were converted to a reservoir experienced marked clini- 
cal improvement within 2 weeks. By the end of 6 weeks, 
all patients indicated that they had improved almost 
100%, compared with the preoperative status. The num- 
ber of bowel movements per day decreased from an 
average of 18 to an average of under nine within 6 
weeks—a decrease of approximately 50%. The number 
of nocturnal movements decreased from an average of 
six per night to slightly over two per night—almost a 
60% decrease (Table 2). Two patients who had frequent 
soiling before conversion to a reservoir noted only rare 
staining of underclothes after operation. Fecal urgency 
was markedly decreased by conversion to the reservoir 
in all seven patients. The patients’ activities.(social, pro- 
fessional, physical, and sexual), improved markedly for 
each of the seven patients within 6 weeks after opera- 
tion. 

None of the seven patients who were converted to an 
ileal reservoir experienced pelvic infection, leak from 
the reservoir, or sinus tracts extending from the ileoanal 
anastomosis. One patient had a mild stenosis at the 
ileoanal anastomosis that was easily dilated on an out- 
patient basis. 
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FIG. 4. Lateral ileal reservoir of 12-14 cm in length constructed in two 
layers (inner stapled, ouzer with continuous Vicryl suture). The reser- 
voir is drawn into the rectal muscle cuff with traction stitches. A spout 
of 2 cm or less is used for anastomosis to the anus. 


The utilization of antiperistaltic medications includ- 
ing Lomotil®, (Searle Pharmaceuticals, Inc., Chicago, 
IL) codeine, and Imodium® (Janssen Pharmaceutica, 
Inc., Piscataway, NJ) was reduced more than 75% in 
each of the patients after conversion to the reservoir. 
Dietary restrictions which had been used extensively 
with the straight ileal PT were largely discontinued after 
conversion to the reservoir. . 


Discussion 


After the report by Martin and associates in 1977, the 
endorectal ileal PT procedure after colectomy and mu- 
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TABLE 2. Results After Converting Straight Ileal Pull-through to Reservoir 


Incontinence BMs/day 
Age/Sex Before After Before 
29 yrs, F 0 0 15 
17 yrs, M +++ 0 40 
38 yrs, M ++ + 15 
41 yrs, F ++++ + 20 
34 yrs, F 0 20 
23 yrs, F ++ + 8 
27 yrs, M +++ 0 16 


BMs/night 
After Before After Patient judgement 

9 7 2 very much improved 

12 5 3 much improved 
7 5 | very much improved 
8 4 2 very much improved 
9 12 3 very much improved 
5 2 1 much improved 
8 4 l very much improved 





Incontinence: ++++ = continuous soiling; +++ = soiling 1-3X/ 


cosal proctectomy became the preferred operation for 
treatment of patients with severe ulcerative colitis and 
for patients with colonic polyposis. The initial reports 
concerning the endorectal PT procedure suggested that 
good results might be obtained with a straight ileal PT; 
however, when patients were followed for several 
months, it became apparent that fecal urgency and fre- 
quency were prominent side effects in the majority of 
patients (Table 3). These complications were somewhat 
alleviated by adhering to a very strict constipating diet, 
using antiperistaltic medications (codeine, Lomotil®, 


Imodium) on a frequent basis, and by using bulk-form- | 


ing agents, such as Metamucil® (Proctor and Gamble, 
Cincinnati, OH). Because of minimal clinical improve- 
ment after the use of these techniques, Telander and 
associates’ used a balloon placed in the neorectum to 
dilate the ileal PT segment to form a small reservoir; 
however, this technique has not been used during the 
past 6 years. Therefore, many surgeons performing the 
endorectal ileal PT operation began to incorporate a 
surgically constructed reservoir consisting of two or 
more segments of ileum placed adjacent to each other 
just above the anastomosis of the ileum to the anal mu- 
cosa. Although a variety of reservoir techniques have 
been used (S-shaped, J-shaped, lateral, double J-shaped, 
etc.), almost all have resulted in the patients’ experienc- 
ing a marked decrease in stool frequency and urgency as 
well as associated anal skin irritation after operation. 
The configuration of the reservoir appears less impor- 
tant than the size (less than 15 cm in length), and close 


day; ++ = stains 1-3X/day; + = stains occasionally; 0 = rare or no 
staining (<1X/week). 


proximity to the anal anastomosis (less than 2 cm 
spout). 

Nonetheless, several reports continue to indicate the 
good clinical results after use of the straight endorectal 
ileal PT procedures.®*!° On the basis of these reported 
good results—and largely because of specific indica- 
tions, including obesity, difficulty in achieving sufficient 
length in the terminal ileum to reach the anus, severe 
active ulcerative colitis with the patient in poor general 
health, and in selected children under 18 years of age— 
we have performed the endorectal PT without reservoir 
on 12 patients during the past 10 years. Two additional 
patients in our early clinical experience more than 10 
years ago had the endorectal PT without reservoir per- 
formed as the operation of choice; both were converted 
to ileostomies, but are not included in the present ex- 
tensive review. Although four patients with the straight 
PT have progressed well, with an average of nine move- 
ments per day and two per night, the remainder have 
had an unacceptably high level of stool frequency and 
urgency, such that their activities were markedly re- 
stricted and employment was very difficult, even 6-9 
months after operation. Each of these patients requested 
return to an ileostomy or, if feasible, conversion to an 
ileal reservoir. All eight of the recent patients who were 
converted to a reservoir or to an ileostomy showed no 
improvement in their status for an average of 13 months 
after the straight PT operation, despite extensive use of 
antiperistaltic and constipating medications. 

The marked clinical improvement in each of the pa- 


TABLE 3. Results of Straight Ileal Pull-through Operations 


Author Number of Patients BMs/24 h* 
Coran}3 23 7 (4-20) 
Golematis* 8 2-3 
Heimann” 19 6 (4-10) 
Heppell!! 12 12+4 
Martin? 17 2-8 
Telander!*+ 24 8 (4-12) 
Zwiren®t 3 4 (3-5) 


* Mean value and range. 
+ Includes 9 patients with previous rectal balloon dilatation. 


BMs/night Leakage Anal Irritation 
? ? 1/23 
0 7 ? 
2 ? none 
4+] 11/12 9/12 
? ? ? 
2 9/24 12/24 
0 173 ? 


t Operations in 3 children. 
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tients converted to the reservoir within 2 to 4 weeks after 
operation was dramatic. Each of the patients has re- 
turned to work or school and has been able to partici- 
pate in a variety of physical and social activities not 
previously possible. The improvement in stool fre- 
quency, despite marked reduction in use of antiperistal- 
tic medications and relief of restrictions on diet, has 
been very notable in each case. 

It is unclear why the straight endorectal ileal PT pro- 
cedure without reservoir has been reported to provide 
excellent clinical results in certain medical centers and 
very poor results in others, since the operative technique 
is much more standardized than that which incorporates 
a reservoir. There is a degree of ambiguity in some re- 
ports regarding how continence and leakage are defined 
and how one interprets the severity of anal irritation and 
discomfort. Heppell and associates'! have noted that the 
patient’s record of the number of movements per day 
and night is very close to that which is measured when 
the patient is hospitalized and observed closely. 

It appears that the straight endorectal ileal PT allows 
peristaltic waves to extend through the small intestine 
down to the anus, thus producing the frequency and 
urgency. The ileal reservoir increases the distensibility of 
the lower 15 cm of the ileum and decreases its propul- 
sive drive by eliminating long-lasting, high-pressure 
waves.!'!* The reservoir also provides an area for stor- 
age, thus decreasing stool frequency and urgency. 

Although several patients with a straight endorectal 
ileal PT procedure have been converted to a permanent 
ileostomy (with or without Kock pouch), no previous 
reports have indicated the feasibility of converting to a 
` reservoir. The lateral isoperistaltic ileal reservoir of ap- 


proximately 12-15 cm length appears ideally suited for - 


this conversion and is most easily performed by retract- 
ing the endorectal ileal segment into the abdomen, per- 
forming appropriate debridement, and then construct- 
ing the reservoir and returning it to the pelvis with a new 
ileoanal anastomosis. Although a temporary ileostomy 
may be advisable 1f there is inflammation or extensive 
scarring in the terminal ileum, we have not found this 
necessary in any of. the seven patients included in the 
present study. Because of the extensive and persistent 
perianal skin excoriation and inflammation of the anal 
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mucosa, which might affect the long-term discrimina- 
tory mechanism in the pelvis, it would appear that, if the 
patient continues to have frequency and urgency, con- 
version of the straight endorectal PT should be per- 
formed at 1 year or sooner. The rapid clinical improve- 
ment and the minimal number of complications after 
the operation suggest that this procedure should be con- 
sidered as a safe and good clinical alternative to a perma- 
nent ileostomy. 
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Effects of Crystalloid on Lung Fluid Balance 


After Smoke Inhalation 





WILLIAM R. CLARK, JR., M.D., GARY F. NIEMAN, B.S., DONNA GOYETTE, B.S., and DANIEL GRYZBOSKI, B.S. 


Inhalation injury occurs in 21% of flame burn victims who 
require large fluid volumes for resuscitation and have a mortal- 
ity rate greater than 30%. This study was done to determine 
how vulnerable the smoke-injured lung is to fluid accumulation 
when crystalloids are infused rapidly. Mongrel dogs were ex- 
posed to smoke and 10% body-weight Ringer’s lactate in three 
groups: (I) fluid only, (I) smoke only, and (III) smoke and 
fluid. The increase in wet-dry lung weight ratio was 2% in 
Group I, 28% in Group II, and 42% in Group III, consistent 
with pulmonary edema present only in Group III. The decrease 
in colloid oncotic pressure was similar in both of the groups 
that were given fluid, and the rise in the surface tension mini- 
mum of lung extracts was similar in both of the groups that 
were exposed to smoke. The smoke-injured lung loses the abil- 
ity to protect itself when challenged with fluid. Reduced on- 
cotic pressure is not responsible. Changes in microvascular 
pressure, endothelial and epithelial damage, and surfactant in- 
activation interact to cause this increase in extravascular lung 
water. | 


mortality rate of 28-57% in this group of patients. 
Varying degrees of pulmonary edema have been de- 
scribed in the pathophysiologic response to inhalation 
injury, although the mechanisms responsible for this 
fluid accumulation are not. clearly established.*-'! Vic- 
tims of smoke inhalation frequently have large burns!’ 
that require larger volumes of resuscitative fluids than 
are required in most other clinical situations.’*’? It 
seems probable that, in the face of rapid infusion of 
crystalloids, the smoke-injured lung is more vulnerable 
to edema formation than the normal lung. 

Our study was done to test this hypothesis, to define 
the magnitude of the extravascular lung water (EVLW) 
that accumulates in smoke-injured lungs as compared to 
that of normal lungs, and to explore possible mecha- 


IGNIFICANT SMOKE INHALATION is present in 
21% of flame burn victims who enter the health 


care system,’ and contributes substantially to a 
1,2,3,4 
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nisms responsible for any difference between the two 
magnitudes. Using dogs, we compared the effects that 
severe smoke inhalation had with those of smoke inha- 
lation plus fluid administration on pulmonary hemody- 
namics, pulmonary mechanics, gas exchange, surfactant 
function, and edema. No skin burn was inflicted. 


Materials and Methods 


Mongrel dogs weighing between 15 and 25 kg were 
anesthetized with intravenous pentobarbital (30 
mg/Kg), intubated and ventilated with room air, using a 
piston respirator (Harvard Instrument Company, Cam- 
bridge, MA). The tidal volume was set at 15 ml/Kg, and 
the respiratory rate was adjusted to establish a PaCO, of 
35 + 5 ml/Hg. The animals remained supine throughout 
the experiment. The urinary bladder was drained with a 
Foley catheter. 

Femoral, arterial, and venous cutdowns with 2 mm 
ID polyethylene tubes were established. After instru- 
mentation, the base deficit (BE) was corrected with in- 
travenous sodium bicarbonate (800 mEq/L), using the 
formula BE X Wt (Kg) X 0.3 = cc of NaHCO. A flow- 
directed 7 French balloon-tipped catheter with thermis- 
tor tip was inserted through an external jugular vein and 
passed into the pulmonary artery for determination of 
pulmonary arterial (PAP) and wedge pressures (PAW), 
as well as cardiac outputs (KMA Model 3500, Okla- 
homa City, OK). Each cardiac output measurement was 
run in triplicate at end expiration; the mean was used for 
the datum. 

Smoke at 37 C was delivered by placing the smoke 
chamber in the inspiratory line of the ventilator circuit. 
Smoke was produced by burning a measured amount of 
fir plywood sawdust mixed with kerosene. The standard 


Vol, 208 e No. | 


dose of smoke was five minutes of tidal respiration at an 
average of 15 breaths per minute.’* 

Animals receiving the fluid load were given warmed 
Ringers lactate in a volume equal to 10% of their body 
weight. The fluid was started immediately after the con- 
trol period if no intervention was imposed, or immedi- 
ately after smoke exposure, and was infused during a 
2-hour interval. This volume of fluid was used because it 
has been shown to have little effect on EVLW in animals 
with normal lungs!>!° and is a volume often reached or 
surpassed in resuscitating burn victims. The rapid rate 
of infusion was chosen in order to impose an adequate 
fluid stress and allow completion of the experiment 
within 8 hours. In this model of smoke inhalation, ani- 
mals frequently deteriorate badly after 8 hours. 

Blood was drawn into heparainzed syringes for blood 
gas and hemoglobin (Hb) determinations using Radi- 
ometer ABL II C acid base laboratory. Colloid oncotic 
pressure (COP) was measured with a Wescor model 
4100 osmometer; carboxyhemoglobin (COHb) was 
measured on a IL 182 co-oximeter. Venous admixture 
(Qva/Qr) was calculated using standard formulae cor- 
recting for the proportion of hemoglobin in the carboxy- 
hemoglobin form. Pulmonary microvascular pressure 
(Pmv) was calculated: Pmv = PAW + 0.4(PAP 
— PAW).!” Airway pressure was measured from a side 
port 2 cm from the end of the endotracheal tube. Start- 
ing at end expiration, static compliance was determined 
by disconnecting the ventilator and injecting 1 1 of air 
into the lungs. The airway pressure at plateau was di- 
vided into the volume injected to obtain compliance. All 
pressures were measured using Hewlett-Packard™ 267 
BC transducers (Andover, MA) placed level with the 
animals’ spines, a 7754 A recorder, and a 8805 B carrier 
amplifier. | 

When an animal was killed, both lungs were removed 
by cutting the main stem bronchus close to the pulmo- 
nary parenchyma. The lungs were placed on gauze pads 
to allow the passive drainage of blood and secretions; all 
nonparenchymal tissue was removed surgically. The 
lungs were then placed in preweighed dishes and put 
into an oven (65.5 C) without a vacuum and dried to a 
constant weight (approximately 7 days). Lung water was 
expressed as a wet-to-dry weight ratio.!*:!° 

The surfactant assays were done in a separate group of 
animals, prepared for the experimental interventions as 
described above, with the exception that their sternums 
were divided; 5 cm of positive end expiratory pressure 
(PEEP) was added to compensate for this open-chested 
condition. To avoid artifactually abnormal surface ten- 
sion measurements, lungs were forcefully inflated before 
each 3 gm tissue sample was harvested.” The sample 
was weighed, cut to size, and placed on a 4 X 4 gauze for 
approximately 5 minutes, to drain off excess blood. The 
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specimen was then minced into 50 ml of saline and 
strained through two 4 X 4 gauze pads;?'* the original 
beaker was rinsed with an additional 50 ml of saline. 
which was poured into the gauze containing the mincec 
tissue. The tissue wrapped in gauze was squeezed with € 
clean clamp to remove as much liquid as possible; this 
extract was placed in the teflon trough of a modified 
Wilhelmy balance primed with 750 ml of saline.” After 
a 30-minute curing interval, the trough was changed 
from a 100% (maximum) to 20% (minimum) surface 
area, while the surface tension was continuously mom- 
tored using a Gould UC3 amplifier and Hewlett Packa-d 
7754 strip recorder.'* To discover whether the surfac- 
tant response to smoke is dose related, an additioral 
group of dogs werz exposed to smoke for 16 seconds (3 
tidal respirations), 2 minutes, and 5 minutes. These aai- 
mals were instrumented as described above, with -he 
exception that they were placed with their right sides 
down and that the lung tissue was harvested througn a 
left thoracotomy. 

A student’s t-test was used to compare paired cata 
within the same group, and among groups, analysis of 
variance (ANOVA) was used. When the F ratio iadi- 
cated a significant difference between groups, Newman- 
Keuls’ test was used to identify the different groups and 
the degree of difference.” 


Experimental Protocols 


Animals were separated into four groups. These in 
Group 0 (n = 4) had no intervention except anesthesia 
and mechanical ventilation, and were used as controls 
relative to lung water assessment; those in Group I (n 
= 4) were controls and received Ringer’s lactate alone. 
Those in Group II (n = 7) were exposed to smoke alcne, 
and those in Group III (n = 7) were exposed to smoke 
and were given fluids. After instrumentation, the ani- 
mals were allowed to stabilize for at least 40 minuzes and 
baseline measurements recorded. Measurements were 
taken 30 minutes and 2, 3, 4, and 5 hours after the 
initiation of fluid administration (Group I) or smoke 
exposure (Groups II and HI). COP was recorded at base- 
line 2 and 5 hours after smoke exposure. Urine output 
was recorded at 30-minute intervals throughowu’ the ex- 
periment. AJ] animals were killed after 5 hours of study 
by an intravenous overdose of pentobarbital: the chest 
was immediately opened and lungs removed for gravi- 
metric analvsis. The protocols were conducted in a ran- 
dom sequence. 

Surfactant studies were done in similar groups. Group 
Oa (n = 4) had no experimental intervention. Animals in 
Group Ia (n = 3) received Ringer’s lactate only ; those in 
Group Ila (n = 8) were exposed to smoke orly; those in 
Group Illz (n = 4) were exposed to smoke and were 
given fluid infusions. A control sample of lung was 


58 CLARK AND OTHERS 


Ann. Surg. ¢ July 1988 


TABLE 1. Hemodynamic and Lung Mechanic Data 


Baseline 0.5 hr 
m se m se 
Group I (n = 4) 

FAP (mmHg) 124.0 7.2 130.0 6.8 
PAP (mmHg) 13.6 ll 13.9 1.2 
PAW (mmHg) 5.3 1.2 6.5 0.7 
PVR (dynes-sec cm 5) 0.33 0.08 0.15* 0.03 
PMV (mmHg) 8.6 | 9.5 0.9 


Compliance (L/mmHg) 0.05 
Group II (n = 7) 


FAP 120.0 9.6 100.0* 8.6 
PAP 13.6 2.0 14.8 2.7 
PAW 5.57 1.0 4.0 0.9 
PVR 0.18 0.02 0.22 0.04 
PMV 8&8 13 7.6 L.i 
Compliance 0.07 0.006 0.06* 0.008 
Group IH (n = 7) 

FAP 114.0 5.9 103.0 8.0 
PAP 11.7 0.8 15.5* 1.1 
PAW 3.6 0.5 6.2 1.4 
PVR 0.20 0.03 0.15* 0.01 
PMV 6.8 0.5 9.9 [2 
Compliance 0.06 0.005 0.05* 0.003 


0.05 0.006 0.05 


0.05* 


9.7 124.0 8.9 : ; 
0.9 as 0.9 13.6 0.9 16.6 1.4 
0.5 5.8 0.7 6.4 0.7 5.6 0.7 


0.13* 0.02 0.20 0.05 0.27 0.05 0.34 0.08 


0.6 8.5 0.9 9.3 0.8 9.2 0.9 


0.006 0.05 0.006 0.05 0.006 
7.9 113.0 6.4 122.0 7.1 120.0 8.8 
‘ 2.4 14.5 2.1 14.0 2.3 15.1 1.9 
4.3* 0.7 4.2 0.8 4.0" 0.9 4.6 0.8 
0.22 0.03 0.23" 0.02 0.25* 0.03 0.31* 0.03 
; L.i 8.4 1.3 8.1 1.4 8.8 1.2 
0.06 0.004 0.06* 0.007 0.06* 0.004 0.06* 0.02 
6.5 120.0 10.1 | 121.0 7.7 128.0* 5.1 
13.8* 1.3 14.9* 0.6 15.4* 10 16.6% 1.4 
0.4 5.1 0.9 5.8* 0.9 6.0% 1.0 
0.13* 0.01 0.21 0.03 0.19 0.03 0.25 0.04 
0.7 9.0 0.7 9.4 0.8 10.3 1.0 
0.003 0.05* 0.05* 0.004 0.05* 0.003 


0.004 





* =p < 0.05 relative to baseline 
FAP = femoral artery pressure, PAP = pulmonary artery pressure, 
PAW = pulmonary artery wedge pressure, PVR = pulmonary vascular 


O— —OFluid only n=4 
@——§+_e Smoke n:7 
50 fr~-- Smoke + Fluid n27 
# P<0.05 


PERCENT 


L/min 


3 4 5 


Baseline j 


2 
TIME (Hrs) 


Fic. 1. Venous admixture Qva/Qt and cardiac output. The abrupt 
increase in Qva/Qt following smoke exposure is not significantly dif- 
ferent from that in the fluid-only group at the p = 0.05 level. » p < 0.05 
compared to baseline. 








resistance, PMV = pulmonary microvascular pressure, m = mean, se 
= standard error. 


taken before every experimental intervention. Lung 
samples were then taken at 30 minutes and 2, 3, 4, and 5 
hours. Smoke always resulted in large areas of gross atel- 
ectasis, and the tissue samples were taken from these 
areas after re-expansion.”°** Earlier experiments had 
verified that 4 or 5 such Jung samples could be taken 
without changing hemodynamic measurements or air- 
way pressures. At 5 hours, both a 3 and 6 g lung sample 
was taken. Edematous lung has less tissue/g, which 
might lead to falsely low surfactant determinations. 
Atelectatic lung might behave similarly because the sur- 
factant was more difficult to extract.” Samples of vary- 
ing size were assessed to see if artifacts of this kind were 
present. 

The experimental protocol was reviewed and ap- 
proved by The Committee for Humane Use of Animals 
at the State University of New York Health Science 
Center at Syracuse. 


Results 


Animals in Group I had normal airways at autopsy 
examination. The airways of animals in Group II con- 
tained small amounts of foam without fluid, while those 
in Group III contained large volumes of edema fluid and 
foam. The pulmonary parenchyma in animals exposed 
to smoke only (Group II) showed scattered areas of 
dense atelectasis without edema. In Group III animals, 
the nonatelectatic portions of the lung were fluid-filled 
and boggy. 


Vol. 208 = No, | 


LUNG FLUID BALANCE AFTER SMOKE 59 


TABLE 2, Arterial Blood Gas Data and Venous Admixture (Qva/Qt) 


A > -ae 


Baseline 0.5 hr 
m se m se m 

Group I (n = 4) 

Qva/Ot 9.3 2.7 12.5 $5 10.8 

PaQ2 90.9 6.3 ` 93.5 Zio 97.9 

PaCQ2 33.8 21 34.3 1.2 32.9 

BE —0.1 1.3 —3.8* 1.6 —5.2" 

pH 7.5 0.02 7.4 0.02 7.4 
Group II (n = 7) 

Qva/Qt 7.7 1.0 35.2" 7.0 23.1 

PaQ2 101.7 3.4 56.8*7 6.7 15:2" 

PaCO2 37.1 2.0 42.6* 2.3 41.9 

BE l +0.7F 0.1 —7.5* 2.1 —7.6* 

pH 7.4 0.02 Jar 0.03 TAE i 
Group HI (n = 7) 

Qva/Qt 9.0 1.9 39.8* 6.5 35.2" 

PaQ2 98.5 3.9 59,2*7 4.7 72.6* 

PaCO2 35.6 2.7 42.2" 2.3 39.5 

BE —1.0 0.5 —6.4* 0.8 —6.6* 

pH 7.4 0.01 7.3* 0.01 Lat 


* = p < 0.05 relative to baseline. 
+ =p < 0.01 compared to Group I. 
Qva/Qt = venous admixture, PaO2 = partial pressure oxygen, arte- 


There was a transient decrease in the femoral artery 
pressure in both groups receiving smoke (Table 1). The 
pulmonary artery pressure tended to increase with 
smoke, and this increase was significant in Group HE 
The pulmonary vascular resistance tended to decrease in 
animals receiving fluid, to increase with smoke inhala- 
tion alone, and to have a biphasic response in animals 
receiving both smoke and fluid. The cardiac output in- 
creased in both groups of animals receiving fluid and 
remained elevated for at least 1 hour after fluid loading 
stopped (Fig. 1). The PAW and the microvascular pres- 
sure rose most in Group III (Table 1), but there was no 
significant difference between groups. 

In both smoke exposed groups, the Qva/Qr increased 
and the PaO, fell significantly. These parameters im- 
proved with time in Group II only. There was no signifi- 
cant change in Qva/Qy in the animals receiving fluid 
only, even though the cardiac output rose significantly. 
The Qva/Qy remained elevated in Group III animals 
after the increase in cardiac output returned toward 
normal levels (Fig. 1, Table 2). 

The colloid oncotic pressure fell to a similar extent in 
both groups of animals receiving fluid; the nadir of the 
COP-PAW differential occurred at 2 hours. In Group 
HI, this decrease in COP-PAW was slightly less at two 
hours; this reflects the lower PAW in Group III (Fig. 2, 
Table 1). 

Carboxyhemoglobin levels rose dramatically after 
smoke exposure, then fell gradually over the next 5 
hours. There was no significant difference in the rate 


2 hr 3 hr 4 hr 5 hr 

se m se m se m se 
3.0 12.8 1.2 13.4 0.9 14.5 3.6 
5.4 88.7 6.8 84.7 7.4 84.8 5.6 
1.4 33.0 1.3 32.8 0.9 32.6 1.4 
1.6 -- 5.0* 1.8 —4.0* 2.6 —4,2* 2.3 
0.02 7.4 0.02 7.4 0.02 7.4 0.0 
5.8 19.2 7.2 16.9 6.5 19,3* 6.1 
6.5 83.1* 8.2 85.5* 7.8 80.5* 7.1 
3.6 41.0 3.6 38.1 23 37.1 1.& 
1.8 —6.9* 1.9 —6.1* 2.2 —5_§* LF 
0.03 7.3* 0.03 1.3" 0.03 7.3* 0.€2 
8.5 32.57 8.0 35.8* 7.9 34.3* 9.3 
8.0 68.9* 8.3 64.5* 8.2 61.3* 6.4 
3.3 40.0 3.7 41.0 3.9 42.1 45 
0.8 —6.0* 0.6 —6.6* 0.8 —7.3* 07 
0.03 7.3* 0.03 7.3* 0.03 7.3* 0.93 


rial, PaCO2 = partial pressure carbon dioxide, arterial, BE = tase 
excess, m =mean, se = standard error. 


COP 


Q=- —O Fluid only n:=4 


20 o——® Smoke nc7 
4---2 Smokat+ Fluid n=7 
¥P<00! 
+P<OO0! 


mmHg 





a COP - PAW 


mmHg 





TIME (Hrs) 


Fic. 2. Colloid oncotic pressure (COP) and colloid oncotic pressure 
minus pulmonary artery wedge pressure (COP ~ PAW). » p < 0.05 
when compared to baseline. + p < 0.05 when compared to snoke only 


group. 
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40 
©——e Smoke only n=7 
% @--@ Smoke + Fluids n=7 
* p<0.05 
% 
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| 

IO 
| 2 2 4 5 
Time (Hrs.) 


Fic. 3. Carboxyhemogliobin (CoHb) percentage by time. There is no 
difference in the proportion of carboxyhemoglobin between groups. 
* p < 0.05 when compared to baseline. 


of excretion of carbon monoxide in Groups II and III 
(Fig. 3). 

Both groups of animals receiving fluid were given 100 
cc/Kg of body weight. Because the average body weight 
of animals in Groups I and III (Table 3) was similar, the 
volume of fluid administered to the two groups was not 
significantly different. The volume of fluid retained 
(fluid in—urine out) over the 5-hour interval of the ex- 
periment was likewise essentially the same: 55 ml/Kg 
and 59 ml/Kg in Groups I and III, respectively (Fig. 4). 
In both groups, a brisk diuresis was observed: a mean of 
300 mi/hr, 2 hours after starting the infusion. The vol- 
ume of lung water per kilogram of dry lung weight was 
greatly increased in both Groups II and III, with no 
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Lung Water Fluid Retention 


Wet weight 
Dry weight 
oO — m ul $D o 
* 
+ 
' as 
= N Bs wn 
© o S ò o 
mi/Kg 


Smoke 
> 


Control Fluid Smoke 


Finid Fluid 
nag n=4 n=7 nay nig na? 


Fic. 4. Fluid balance and lung water. Lung water is expressed as the 
ratio of wet lung weight to dry lung weight. Fluid retained is expressed 
as ml/Kg. * p < 0.05 compared to control group. + p < 0.05 compared 
to fluid group. 


significant difference between these groups. There was 
no difference in the wet-dry lung weight ratio in Groups 
O and I. The increase in wet-dry lung weight ratio was 
2%, 27.6%, and 42.1% in Groups I, II, and III, respec- 
tively. The dry lung weight increased progressively in the 
three groups reflecting solid components of blood (Ta- 
ble 3).7° 

Airway pressure at end inspiration fell slightly in 
Group I animals, but rose significantly in both other 
groups (Fig. 5). Static compliance was unchanged in 
Group I animals; it dropped significantly in both other 
groups and stayed low for 5 hours (Table 1). The average 
animal size was similar in the three groups so that the 
liter of air insufflated for the static compliance determi- 
nation was slightly more than 3X the tidal volume in 
each group, and probably did not alter the compliance 
in a selective way (Table 3). 

Surfactant activity did not change in either Group 0a 
or Ia (Table 4). Surface tension minimum rose signifi- 
cantly in both groups of animals exposed to smoke 
(Groups Ila and IIa), indicating surfactant dysfunc- 


TABLE 3. Lung Water Data 


Animal Wet Lung Dry Lung g H.O/g Dry Wet/Dry Weight 
Weight (kg) Weight (g) Weight (g) g H,Oin Lung Lung Ratio 

Group m se m se m se m se m se m se 
0 Control (n = 4) 18.4 3.0 150 15.2 34 3.8 116 11.5 3.5 O.11 4.49 0.11 
I Fluid (n = 4) 17.8 2.8 160 25.0 34 6.2 126 19.0 3.8 0.10 4.75 0.10 
II Smoke (n = 7) 19.5 1.4 235 16.0 41 2.8 194 37.0 4.7*+ 1.8 5.73*t 1.80 

III Smoke & Fluids 
(n = 7) 18.5 1.3 300 28.0 47 3.7 253 26.0 eA i a 0.4 6.65*+ 0.4 


* = p < 0.01 compared to baseline. 
+ = p < 0.05 compared to control and fluid groups. 


The mean weights of the animals in each group are not significantly 
different. 
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PRESSURE 


PEAK AIRWAY 





mmHg 


o— —OFluid only neĝ 
ne? 

4---4 Smoke +Fluid ns? 
* P<O05 






o—*@ Smoke 







Basaline l 2 3 4 5 
TIME (Hrs) 


Fic. 5. Peak airway pressure. Airway pressure in mmHg. The abrupt 
increase in airway pressure following smoke exposure is significantly 
different from that in the fluid-only group at the p = 0.05 level. * p 
< 0.05 compared to control. 


tion.” Surfactant function did not recover in either 
group over the 5 hours of the experimental observations. 
When the tissue sample doubled to 6 g, no difference in 
the surface tensions was recorded. 

Thirty minutes after smoke inhalation, the surface 
tension minimum was elevated to similar levels, regard- 
less of the different exposure times (Fig. 6). Surface ten- 
sion minimums tended to return toward normal with 
time, the return being the greatest and more rapid in the 
animals exposed to smoke for only 16 seconds. The sur- 
face tension minimum never returned to normal in the 

‘animals exposed to smoke for the standard 5 minutes. 


Discussion 


This experimental model produces a severe injury. 
Occasionally animals succumb during or shortly after 
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6l 
MINIMUM 


o—8 Smin Smoke n=3 


SURFACE TENSION 


Q —O2min Smoke nz4 
&~---A3Tidal Vol Smoke n-3 
% P< 0.05 


dynes /cm 





Baseline i 2 3 4 
TIME (Hrs) 
Fic. 6. Surface tension (minimum) of lung extracts after smoke expo- 
sure of different durations. The initial increase in surface tension min- 
imum is the same regardless of the duration of smoke exposure; how- 


ever, recovery takes less time following shorter exposures. + p < 0.0% 
compared to baseline. 


exposure to smoke; no animal has survived more than 
30 hours after 5 minutes of smoke exposure. Although 
the global clinical response of individual animals is ex- 
tremely variable, the physiologic perturbations are con- 
sistent and correspond to those observed whenever this - 
model has been used in other protocols, 14303132 
Snashall, Weidman, and Staub infused dogs with 
Krebs-Henseliet solution in an effort to determine how 
this fluid influenced EVLW.'° They showed that the 
EVLW does not increase with volume loading until the 
net change in intravascular forces (hydrostatic and on- 
cotic pressure) reaches 20 cm of H,O. Their results are 
similar to the in vitro results of Gaar!” and those of 
Guyton’? and Erdmann,” who used increases in left 
atrial pressure to study the lung’s protection against the 
accumulation of fluid in the dog and sheep, respectively. 
The mechanisms protecting the lung include an increase 


TABLE 4. Surface Tension of Lung Extracts 


Surface Baseline 0.5 hr 

Tension i ? 
Group (dynes/cm) m se m se m 
Oa minimum 8 1.9 7 17 9 
(n = 4) maximum 43 2.4 4] 2.7 44 
Ja minimum 7 2.9 {3* 7.0 9 
(n = 3) maximum 36 5.1 4i* 4.1 37 
Ia minimum 8 RZ 21*ł 0.9 18 

(n = 7) 

(n = 3) maximum 49 1.2 47* 1.8 46 
Hia minimum 10 1.5 22m 1.7 24*+ 
(n = 4) maximum 43 3.6 54 2.4 51 


* = p < 0.05 compared to baseline. 
+ =p < 0.01 compared to Group 0a and/or Ia. 


2 hr 3 hr 4 hr § hr 

se m se m se m se 

1.7 9 2.9 no data no data 

1.7 42 1.3 

3.1 i2 2.0 no data 13 0.7 

2.8 40 1.5 43 0.7 

5.0 21 L5 24* 2.8 27*+ ae 
(n = 4) (n = 4) 

7.0 49 3.8 55* 2.8 58* 1.4 

1.1 25*+ Li no data 25"; 1.3 

4.1 59 1.3 57 1.3 


The surface tension minimum rises only in the animals exposed to 
smoke. 
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in lymph flow and a decrease in perimicrovascular on- 
cotic pressure. In similar experiments with dogs that 
included a 5% body weight volume load with warm 
Ringer’s Lactate, Parker et al. demonstrated a reduction 
in the volume of interstitial space excluded from albu- 
min because of steric or electrostatic factors.!> This has 
the effect of lowering the interstitial concentration of 
osmotically active particles, thus providing an addi- 
tional protective mechanism. Our experiments dupli- 
cate those described above, and the results in the Group 
0 and I animals are similar. The increase in extravascu- 
lar lung water ;was 27.6% in Group II and 42.1% in 
Group III (Table 3, Fig. 4). This difference is not statis- 
tically significant, but the clinical difference is profound 
with florid pulmonary edema occurring in Group III 
only. The explanation for this adverse clinical conse- 
quence is found in Illif’s report that a 35% increase in 
EVLW is necessary before alveolar flooding occurs.*4 

Herndon et al. describe a similar experiment in sheep 
exposed to smoke from burning cotton.” The volume of 
fluid the sheep were given was less than in our protocol, 
and both groups of animals exposed to smoke had in- 
creased lung lymph flow with the largest flows occurring 
in the animals receiving the smaller fluid challenge. This 
is the reverse of what one would expect. No gravimetric 
data are available, and it has been shown that lymph 
flow and EVLW do not always correlate well.*?’ 

An increase in pulmonary microvascular permeabil- 
ity in sheep exposed to smoke from burning cotton has 
been claimed on the basis of an increase in Jung lymph 
flow and an increase in the lymph/plasma ratio for pro- 
tein which develops over 12 to 24 hours.”7*? Our labo- 
ratory has also demonstrated a moderate and variable 
increase in endothelial permeability within 3 hours of 
smoke exposure.’ When the capillary endothelial 
membrane becomes more permeable to protein, trans- 
vascular fluid flux is determined by the increased fluid 
filtration coefficient and the hydrostatic gradient.“ Ru- 
tili demonstrated this in lungs with severe endothelial 
damage by showing that infusion of crystalloid or col- 
loid had no differential effect on lung water that re- 
sponded only to Pmv.*! This has been corroborated in 
another report.** Snashall and Staub observed that Pmv 
increased only transiently after fluid infusion in similar 
experiments.'® In this experiment, Pmv rose only in 
Groups I and III; it was not a significant rise and there 
was no significant difference between these groups 
(Table 1). The increase in Pmv may be biologically sig- 
nificant, however, and the calculation of Pmv may not 
accurately reflect the wide range of values which must 
exist in a nonhomogeneously damaged lung.'**?*4 

Although Ringer’s lactate infusion reduced, to a simi- 
lar extent, the colloid oncotic pressure in the animals of 
Groups I and III, pulmonary edema developed only in 
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those exposed to smoke (Group III). In both groups, the 
COP-PAW gradient remained positive. Zarins de- 
creased vascular oncotic pressure by plasmapheresis in 
baboons, while keeping capillary perfusion pressure 
constant.*° The COP-PAW gradient decreased to nega- 
tive 0.8 + 2.0 mmHg, but being protected by a concomi- 
tant fall in interstitial oncotic pressure and an increase 
in lymph flow, the lungs did not accumulate water. Sim- 
ilar clinical and experimental observations have been 
made.**-*? The COP-PAW gradient controls the hydro- 
static pressure at which pulmonary fluid accumulation 
begins; the rate of fluid flux into the interstitium is con- 
trolled by hydrostatic forces alone.!*° 

The possibility that smoke damages alveolar epithe- 
lium so that it becomes more permeable seems intu- 
itively correct, in view of the many toxins known to exist 
in smoke,’ -° and is supported by a more rapid clear- 
ance of aerosolized Diethylenetriaminepenacetate 
(DTPA) after smoke exposure.?!°* The fluid balance 
across a permeable epithelium is controlled more by the 
hydrostatic gradient and alveolar surface tension than it 
is by osmotic forces that develop as a consequence of the 
limited solute permeability characteristics of the normal 
membrane.”> 

Another possible mechanism for the fluid accumula- 
tion in the smoke exposed lung may be found in pertur- 
bations of the surfactant system (Table 4). Reduced sur- 
factant is postulated to account for the increase in sur- 
face tension minimum (documented in this and earlier 
work), which, in turn, is responsible for the alveolar 
instability, atelectasis, increase in airway pressure (Fig. 
5), and decrease in compliance (Table 1), which are de- 
tectable within seconds after smoke exposure.'*® Bre- 
denberg and Nieman have shown that within 2 hours of 
surfactant depletion or displacement, lung lymph flow 
and EVLW are significantly increased without changes 
in colloid oncotic pressure, microvascular pressure or 
endothelial permeability.°’°? An increase in alveolar 
surface tension could render the smoke-exposed lung 
vulnerable to more fluid accumulation by making the 
interstitial pressure in the alveolar capillary unit more 
negative.” The observation that surface tension mini- 
mum returns to normal more quickly after shorter 
smoke exposures (Fig. 6) suggests a dose responsiveness 
of the lung’s surfactant system—and this may explain 
part of the great variation in the EVLW and the respira- 
tory insufficiency experienced by smoke inhalation vic- 
tims.®! 

It is beyond the scope of this report to review burn 
resuscitation, but large volumes of crystalloid are often 
required to achieve hemodynamic stability in burn vic- 
tims.'*'3 Following a thermal injury, both the resuscita- 
tive fluid and increased parietal lymph flow contribute. 
to the volume load imposed on the pulmonary circula- 
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tion.*7482.63 The presence of vasoactive compounds in 
this parietal lymph from burned tissues has been docu- 
mented;*** these have the potential for modulating the 
pulmonary microcirculatory vessels. An increase in 
EVLW has been documented 24 hours after a thermal 
injury alone, without compromise of oxygen exchange 
capacity;°° in this situation the undamaged lung is pro- 
tected against clinically significant edema formation by 
an increase in lung lymph flow. The volume stress on 
the lung after a burn was not completely recapitulated in 
this experiment because it did not include any parietal 
injury. However, it is clear that in the face of a fluid 
challenge, the smoke-damaged lung is quickly rendered 
unable to protect itself from significant edema forma- 
tion. The magnitude and timing of this fluid challenge 
in clinical situations will vary enormously, depending 
on the extent of burn and cardiopulmonary reserve, as 
well as on the timing, character, and adequacy of resus- 
citation; this variation probably precludes definition 
of a constant pulmonary response to thermal in- 
jury.4662.66.67,68 

The mechanisms responsible for the loss in protective 
capacity of the smoke-injured lung include an increase 
in pulmonary endothelial permeability, surfactant loss, 
decreased colloid oncotic pressure, alveolar epithelial 
damage, and airway injury. In all these instances, the 
pulmonary microvascular pressures control the rate of 
edema formation. Transient and unrecognized increases 
in pulmonary microvascular pressure (as when the pa- 
tient is being given a fluid bolus to “catch up”) may be 
responsible for lung edema that does not resolve quickly 
when the pressures revert to a normal range.® Because 
of the nonhomogeneity of the lesion, increased EVLW 
following inhalation injury cannot be accurately as- 
sessed using indicator-dilution techniques.'*’° Increases 


in lung water per se are not the immediate cause of- 


pulmonary complications in smoke inhalation victims. 
Increased EVLW may be clinically innocuous. !®!»66 AJ- 
though it is not appropriate to compromise resuscitation 
in burn and smoke inhalation victims by restricting fluid 
volumes, '?3>7! it may be important to resuscitate these 
patients with a uniform rate of fluid administration, 
thus avoiding the “surges” that can transiently increase 
pulmonary microvascular pressures. Several studies 
have documented restoration of normal lung fluid bal- 
ance with adequate resuscitation.” 

Patients with both an inhalation injury and a burn 
have a variable element of pulmonary (visceral) com- 
promise, explaining the increased lethality of the com- 
bined injury.'**!°!3 Conversely, inhalation injury by 
itself may be relatively innocuous.” !*!! The vulnerabil- 
ity of the lung to increased EVLW is present immedi- 
ately; the mechanisms are multiple which may account 
for the variability in clinically detectable consequences. 
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names of three references and should be submitted by August 1, 1988 
to: Surgery Search Committee, 312 Woodruff Health Sciences 
Center, Emory University School of Medicine, Atlanta, GA 
30322 


LSA 


COLORADO PERMANENTE MEDICAL GROUP is an 
expanding multispecialty prepaid group practice caring for members 
of the Kaiser Foundation Health Plan. Position available imme- 
diately for BE/BC general surgeon to join existing ten physician 
department. Competitive salary and benefits. Contact: V. A. 
LaFleur, M.D., Associate Medical Director, Colorado Perma- 
nente Medical Group, P.C., 2045 Franklin Street, Denver, CO 
80205, (303) 861-3263. EOE 





GENERAL SURGEON—BE/BC, USS. trained to join large 
multispecialty group of independent practitioners in Southeastern 
Massachusetts. Send CV to Eileen F Lynch, Suite M7, 235 Hanover 
Street, Fall River, MA 02720. 





Chief, Surgical Service—Veterans Administration Medical Center, 
Albuquerque, NM and University of New Mexico School of 
Medicine are seeking an individual to lead active clinical, teaching 
and research programs for undergraduates and residents in General, 
Thoracic, Plastic, Urologic and Orthopaedic Surgery. Individual will 
have major clinical and academic responsibilities and must have 
experience and accomplishments to qualify for senior academic 
appointment in the Department of Surgery. University of New 
Mexico, School of Medicine. Inquiries should be accompanied by 
resume and addressed to Donald E. Fry, M.D., Chairman, Dept. of 
Surgery, c/o Chief of Staff, VA Medical Center, 2100 Ridgecrest 
Drive S.E., Albuquerque, New Mexico 87108. VA Medical Center, 
Albuquerque is an equal opportunity employer 


GENERAL SURGEON: Metropolitan North Carolina. Four 
person surgical group seeks Board Certified/Board Eligible M.D., 
University training and recent residency preferred. Reply to Box 
ANN7A, J.B. Lippincott Company, East Washington Ave., Philadel- 
phia, PA 19105 


GENERAL SURGEONS—New/ly established prepaid group prac- 
tice desires to begin offering general surgery services. Looking for 
general surgeons interested in establishing and building a depart- 
ment. Physicians must be from high quality residency programs or 
have significant practice experience. Positions available immediately 
and for 1989. Address C.V. to: Phyllis M. Kline, Physician 
Recruitment Coordinator—ANS, Carolina Permanente Medical 
Group, PA., 3120 Highwoods Blvd., Raleigh, N.C. 27604-1018 


Multispecialty group of 15 physicians, located in beautiful Piedmont 
area of North Carolina needs recently trained B/C, B/E General 
Surgeon, B/C, B/E Urologist and B/C, B/E Cardiologist to help 
present doctors with busy practices. Group practice is in close 
proximity to two hospitals. Association leads to equal Shareholder- 
ship within two years. Full benefit package, guaranteed salary and 
professional management. Send CV to: Administrator, Statesville 
Medical Group, P.O. Box 1460, Statesville, NC, 28677 or call 
(704) 878-2011. 


Thoracic Surgeon experienced in adult cardiac, general thoracic and 
peripheral vascular surgery is needed to join 195 physician 
multispecialty prepaid group in Hawaii. Board certified associate. 
Excellent fringe benefits. Malpractice paid. Please direct curriculum 
vitae: Hawaii Permanente Medical Group, Inc., 3288 Moanalua 
Road, Honolulu, HI 96819. (AN EQUAL OPPORTUNITY 
EMPLOYER) 
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(Imipenem-Cilastatin Sodium|MSD) 


Contraindications: PRIMAXIN is contraindicated in patients who 
have shown hypersensitivity to any component of this product. 


Warnings: SERIOUS AND OCCASIONALLY FATAL HYPERSENSI- 
TIVITY (anaphylactic) REACTIONS HAVE BEEN REPORTED IN 
PATIENTS RECEIVING THERAPY WITH BETA LACTAMS. THESE 
REACTIONS ARE MORE APT TO OCCUR IN PERSONS WITH A HIS- 
TORY OF SENSITIVITY TO MULTIPLE ALLERGENS. 


THERE HAVE BEEN REPORTS OF PATIENTS WITH A HISTORY OF 
PENICILLIN HYPERSENSITIVITY WHO HAVE EXPERIENCED 
SEVERE HYPERSENSITIVITY REACTIONS WHEN TREATED WITH 
ANOTHER BETA LACTAM. BEFORE INITIATING THERAPY WITH 
‘PRIMAXIN; CAREFUL INQUIRY SHOULD BE MADE CONCERNING 
PREVIOUS HYPERSENSITIVITY REACTIONS TO PENICILLINS, 
CEPHALOSPORINS, OTHER BETA LACTAMS, AND OTHER ALLER- 
GENS. IF AN ALLERGIC REACTION TO ‘PRIMAXIN' OCCURS, DIS- 
CONTINUE THE DRUG. SERIOUS HYPERSENSITIVITY REACTIONS 
MAY REQUIRE EPINEPHRINE AND OTHER EMERGENCY MEASURES. 


Pseudomembranous colitis has been reported with virtually all antibiotics, including PRI- 
MAXIN; therefore it is important to consider its diagnosis in patients who develop diarrhea in 
association with antibiotic use. This colitis may range in severity from mild to life threatening. 


Mild cases of pseudomembranous colitis may respond to drug discontinuance alone. In more 

severe Cases, Management may include sigmoidoscopy, appropriate bacteriological studies, 

fluid, electrolyte, and protein supplementation, and the use of a drug such as oral vancomy- 

ry as eaei Isolation of the patient may be advisable. Other causes of colitis should also 
e considered. 


Precautions: Genera/—CNS adverse experiences such as confusional states, myoclonic 
activity, and seizures have been reported during treatment with PRIMAXIN, especially when 
recommended dosages were exceeded. These experiences have occurred most commonly in 
patients with CNS disorders (e.g., brain lesions or history of seizures) and/or compromised 
renal function. However, there have been reports of CNS adverse experiences in patients who 
had no recognized or documented underlying CNS disorder or compromised renal function. 


Patients with severe or marked impairment of renal function, whether or not undergoing 
hemodialysis, had a higher risk of seizure activity when receiving maximum recommended 
doses than those with no impairment of renal function; therefore, maximum recommended 
doses should be used only where clearly indicated (see DOSAGE AND ADMINISTRATION). 


Patients with creatinine clearances of <5 mL/min/1.73 m? should not receive PRIMAXIN 
unless hemodialysis is instituted within 48 hours. 


For patients on hemodialysis, PRIMAXIN is recommended only when the benefit outweighs 
the potential risk of seizures. 


Close adherence to the recommended dosage and dosage schedules is urged, especially in 
patients with known factors that predispose to convulsive activity. Anticonvulsant therapy 
should be continued in patients with known seizure disorders. If focal tremors, myoclonus, or 
seizures occur, patients should be evaluated neurologically, placed on anticonvulsant therapy 
if not already instituted, and the dosage of PRIMAXIN re-examined to determine whether it 
should be decreased or the antibiotic discontinued. 


As with other antibiotics, prolonged use of PRIMAXIN may result in overgrowth of nonsus- 
ceptible organisms. Repeated evaluation of the patient's condition is essential. If superinfec- 
tion occurs during therapy, appropriate measures should be taken. While PRIMAXIN pos- 
sesses the characteristic low toxicity of the beta-lactam group of antibiotics, periodic 
assessment of organ system function during prolonged therapy is advisable. 


Drug Interactions—Since concomitant administration of PRIMAXIN and probenecid results in 
only minimal increases in plasma levels of imipenem and plasma half-life, it is not recom- 
mended that probenecid be given with PRIMAXIN. 


PRIMAXIN should not be mixed with or physically added to other antibiotics. However, PRI- 
MAXIN may be administered concomitantly with other antibiotics, such as aminoglycosides. 


Carcinogenesis, Mutagenesis, Impairment of Fertility—Gene toxicity studies were performed 
in a variety of bacterial and mammalian tests in vivo and in vitro. The tests were: V79 mamma- 
lian cell mutation assay (PRIMAXIN alone and imipenem alone), Ames test (cilastatin sodium 
alone), unscheduled DNA synthesis assay (PRIMAXIN), and in vivo mouse cytogenicity test 
(PRIMAXIN). None of these tests showed any evidence of genetic damage. 


Reproduction tests in male and female rats were performed with PRIMAXIN at dosage levels 
up to 8 times the usual human dose. Slight decreases in live fetal body weight were restricted 
to the highest dosage level. No other adverse effects were observed on fertility, reproductive 
performance, fetal viability, growth, or postnatal development of pups. Similarly, no adverse 
effects on the fetus or on lactation were observed when PRIMAXIN was administered to rats 
late in gestation. 


Pregnancy—Pregnancy Category C: Teratogenicity studies with cilastatin sodium in rabbits 
and rats at 10 and 33 times the usual human dose, respectively, showed no evidence of 
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or behavior was observed in rats given imipenem at dosage levels up 
to 30 times the usual human dose. Similarly, no evidence of adverse 
effect on the fetus was observed in teratology studies in rabbits with 
imipenem at dosage levels at the usual human dose. 


Teratology studies with PRIMAXIN at doses up to 11 times the usual 
human dose in pregnant mice and rats during the period of major 
organogenesis revealed no evidence of teratogenicity. 


Data from preliminary studies suggest an apparent intolerance to 
PRIMAXIN (including emesis, inappetence, body weight loss, diar- 
rhea, and death) at doses equivalent to the average human dose in 
pregnant rabbits and cynomolgus monkeys that is not seen in non- 
pregnant animals in these or other species. In other studies, PRI- 
MAXIN was well tolerated in equivalent or higher doses (up to 11 
times the average human dose) in pregnant rats and mice. Further 
Studies are under way to evaluate these findings. 


There are, however, no adequate and well-controlled studies in preg- 
nant women. PRIMAXIN should be used only if the potential benefit 
justifies the potential risk to the fetus. 


Nursing Mothers—It is not known whether this drug is excreted in human milk. Because many 
drugs are excreted in human milk, caution should be exercised when PRIMAXIN is adminis- 
tered to a nursing woman. 


Pediatric Use—Safety and effectiveness in infants and children below 12 years of age have not 
yet been established. 


Adverse Reactions: PRIMAXIN is generally well tolerated. Many of the 1,723 patients 
treated in clinical trials were severely ill and had multiple background diseases and physio- 
logical impairments, making it difficult to determine causal relationship of adverse experi- 
ences to therapy with PRIMAXIN. 


Local Adverse Reactions—Local adverse clinical reactions that were reported as possibly, 
probably, or definitely related to therapy with PRIMAXIN were: phlebitis/thrombophlebitis 
3.1%), pain at the injection site (0.7%), erythema at the injection site (0.4%), vein induration 
0.2%), infused vein infection (0.1%). 


Systemic Adverse Reactions—The most frequently reported systemic adverse clinical reac- 
tions that were reported as possibly, probably, or definitely related to PRIMAXIN were: nausea 
(2.0%), diarrhea (1.8%), vomiting (1.5%), rash (0.9%), fever (0.5%), hypotension (0.4%), 
seizures (0.4%) (see PRECAUTIONS), dizziness (0.3%), pruritus (0.3%), urticaria (0.2%), 
somnolence (0.2%). 


Additional adverse systemic clinical reactions reported as possibly, probably, or definitely 
drug related occurring in less than 0.2% of the patients or reported since the drug was mar- 
keted are listed within each body system in order of decreasing severity: Gastrointestinal— 
pseudomembranous colitis (see WARNINGS), hemorrhagic colitis, pe pa nS, 
abdominal pain, glossitis, tongue papillar hypertrophy, heartburn, pharyngeal pain, increased 
salivation; CNS—encephalopathy, tremor, confusion, myoclonus, paresthesia, vertigo, head- 
ache, psychic disturbances; Special Senses—transient hearing loss in patients with impaired 
hearing, tinnitus; Respiratory—chest discomfort, dyspnea, hyperventilation, thoracic spine 
pain; Cardiovascular—palpitations, tachycardia; Rena/—oliguria/anuria, polyuria; Skin— 
erythema multiforme, facial edema, flushing, cyanosis, hyperhidrosis, skin texture changes, 
candidiasis, pruritus vulvae; Body as a Whole—polyarthralgia, asthenia/weakness. 


Adverse Laboratory Changes—Adverse laboratory changes without regard to drug relation- 
ship that were reported ea Clinical trials or reported since the drug was marketed were: 
Hepatic—increased SGPT, SGOT, alkaline phosphatase, bilirubin, and LDH; Hemic— 
increased eosinophils, positive Coombs test, decreased WBC and neutrophils, including 
agranulocytosis, increased WBC, increased platelets, decreased platelets, decreased hemo- 
globin and hematocrit, increased monocytes, abnormal prothrombin time, increased lympho- 
cytes, increased basophils; Electro/ytes—decreased serum sodium, increased potas- 
sium, increased chloride; Rena/—increased BUN, creatinine; Urinalysis—presence of urine 
protein, urine red blood cells, urine white blood cells, urine casts, urine bilirubin, and urine 
urobilinogen. 


NOTE: Due to the high antimicrobial activity of PRIMAXIN, it is recommended that the maxi- 
mum total daily dosage not exceed 50 mg/kg/day or 4.0 g/day, whichever is lower. 
How Supplied: PRIMAXIN is supplied as a sterile powder mixture in vials, infusion bottles, 
equivalent and 500 mg cilastatin equivalent. 

MSD 
For more detailed information, consult yur MSD Representative or see 


and single-dose ADD-Vantage** vials containing imipenem anhydrous and cilastatin sodium 
as follows: 250 mg imipenem equivalent and 250 mg cilastatin equivalent; 500 mg imipenem 
Caution: The suspension from vials is'not for direct infusion. 
tRegistered trademark of Abbott Laboratories, Inc. 
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Effects of a Stable Prostacyclin Analog on 
Experimental Ischemic Acute Renal Failure 





MASANORI TOBIMATSU, M.D., YUJI UEDA, M.D., SHOICHIRO SAITO, M.D., TOSHIRO TSUMAGARI, M.D..,” 


and KOHKI KONOMI, M.D., F.A.C.S. 


aa a 


The effect of OP-41483, a stable prostacyclin (PGI) analog, 
on ischemic acute renal failure (ARF ) was investigated in dogs. 
Administration of OP-41483 for three days after ischemia sig- 
nificantly increased renal cortical blood flow (RCBF) when 
compared with dogs treated with the saline vehicle. In the 
OP-41483-treated group, serum creatinine levels remained 
relatively low during postoperative days 1-3 and mean survival 
time was prolonged. Injection of a silicone rubber vascular 
casting compound (Microfil) revealed increased numbers of 
visible renal cortical glomeruli and microvessels compared to 
the saline vehicle group. Histologic sections showed only very 
limited tubular necrosis, whereas sections of kidneys treated 
with saline showed extensive tubular necrosis. In conclusion, 
this stable prostacyclin analog provided a significant degree of 
protection for the kidneys from ischemic injury and may be 


useful in a clinical setting. 
TXA,) system plays an important role in the 
control of platelet aggregation, vascular tone 
(vasoconstriction and dilation), distribution of tissue 
blood flow,'? and glomerular filtration rate (GFR). It 
has been reported that renal ischemia stimulates TXA2 
synthesis but not PGI, synthesis, leading to a decrease in 
the intrarenal PGI,:TXA; ratio.* This imbalance in the 
PGI,/TXA, system probably contributes to the renal 
cortical vasoconstriction, decrease in renal cortical 
blood flow (RCBF), and decrease in GFR seen in isch- 
emic acute renal failure (ARF). 

Treatment with a selective TXA, synthesis inhibitor 
during ischemic ARF not only inhibits TXA; synthesis 
but also stimulates PGI, synthesis, and this inhibitor has 
been shown to prevent acute tubular necrosis (ATN) 
after ischemia.* In contrast, cyclooxygenase inhibitors 
that block endoperoxide conversion to both TXA, and 
PGI, do not prevent ATN. These findings suggest that 


HE PROSTACYCLIN/THROMBOXANE A) (PGI,/ 
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the PGI, level and the PGI,:TXA), ratio play important 
roles in renal ischemic injury. 

Several studies have demonstrated that PGI, infusion 
has a protective effect in experimental ischemic ARF,*® 
but the potential clinical utility of PGI, is limited be- 
cause it is very unstable at physiologic pH and tempera- 
ture. 15-Cyclopentyl-w-pentanor-5(E)-6,9 metano PGI, 
(OP-41483), a recently developed PGI, analog, is chemi- 
cally stable for more than 48 hours at pH 7.4 and 37 C3 
This agent is 3-10 times less potent than PGI, in terms 
of inhibiting platelet aggregation and 4 times less potent 
in terms of its vasodilatory effect.’ 

Another analog of PGI, (Iloprost) has been reported 
to have some protective effect for ARF,’ and it has been 
suggested that this effect is mediated by preservation of 
renal perfusion and tissue oxygenation. Therefore, the 
effects of administration of OP-41483 on RCBF were 
examined using hydrogen washout and on the renal 
cortical microvasculature using Microfil injection, in 
addition to renal function and histology during the early 
stage of ARF. 


Materials and Methods 


Adult mongrel dogs of either sex weighing 10-15 kg 
were anesthetized with 30 mg/kg of sodium pentobarti- 
bal. The left kidney was exposed through a midline ab- 
dominal incision, and the renal artery was isolated. 
Preischemic RCBF (control flow) was measured as de- 
scribed below; then the left renal artery was clamped for 
2 hours. Immediately after unclamping, postischemic 
RCBF (pretreatment flow) was measured, and the ani- 
mals were divided into experimental and control 
groups. Group | comprised ten dogs that received intra- 
venous (I.V.) stable PGI, analog, OP-41483 (Ono Phar- 
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FIG. 1. Per cent change in renal cortical blood flow compared to the 
preischemic control flow levels. Post-treatment flow on days 0 and 3 is 
significantly higher in the OP-41483 group compared to the control 
group. 


maceutical Co., Osaka, Japan) in 20 mL of saline solu- 
tion at 30 ng/kg/min for 1 hour. After OP-41483 infu- 
sion, RCBF was measured again (post-treatment flow) 
and a contralateral nephrectomy was performed. Dur- 
ing each of the next 3 days, these dogs received single 
infusions of OP-41483 (40 ug/kg) in 250 mL of saline 
solution over 3-4 hours. Serum creatinine levels were 
determined daily on postoperative days 0 to 3. The 
RCBF was determined again after the final treatment on 
postoperative day 3. RCBF was measured using a hy- 
drogen washout technique’? and calculated by the 
method of Kety.'' Group 2 was the control group. Ten 
dogs were treated identically except that saline solution 
without OP-41483 was infused. The parameters were 
RCBF, serum creatinine levels, animal survival, renal 
histology, and the renal microvascular architecture. 

After measurement of the final RCBF, the left kidney 
was removed from five dogs in each group and immedi- 
ately perfused with a heparinized saline solution 
through the renal artery until the perfusate draining 
from the renal vein was essentially free of blood. Micro- 
fil MV-112 (Canton Bio-Medical Products, Boulder, 
CO) was then gently infused through the renal artery 
with a hydrostatic pressure of 100 cm. Microfil infusion 
was continued until the injected Microfil flowed freely 
from the renal vein. Injected kidneys were cured over- 
night in a freezer (—20 C), cut into 1-cm slices, and then 
the tissue was cleared for 6 days with ethyl alcohol- 
methyl salicylate. Photographs were taken through a ste- 
reoscopic dissecting microscope. 

Kidney biopsies were taken on postoperative day 3 
from the other five dogs in each group, and the animals 
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Postoperative Serum Creatinine Levels 









7.16+0.87 
6.1240.57 ---- 4 Control group 
4.6840.71 ~~ | 


2 
7 
/ 


OP-41483 group 


3.13+0.53  3.32+0.61 





2.72+0.50 





Serum creatinine level (mg/dl) 


Postoperative days 


FIG. 2. Postoperative serum creatinine levels in Groups | and 2. Serum 
creatinine levels in the OP-41483 group on postoperative day 2 and 3 
are significantly lower compared to the control group. 


were allowed to awaken for determination of mean sur- 
vival time. Mean survival times were compared for these 
two groups of five dogs. 

Kidney specimens were fixed in formalin and pro- 
cessed for light microscopy. Sections stained with he- 
matoxylin and eosin or periodic acid-Schiff were exam- 
ined. 

Statistical analysis for all parameters were made by 
using the Student’s t-test. A value of less than 0.05 was 
considered significant. All values are given as mean 
+ SEM. 


Results 


Figure 1 compares the mean RCBF values (percent- 
age of control flow values) in the dogs receiving either 
the stable PGI, analog (OP-41483) or saline. RCBFs 
measured after 2 hours of ischemia were reduced to 
about 30% of the control flow levels in both groups (p 
< 0.001). Post-treatment flow in the OP-41483 group 
(Group 1) increased from 33.3% of the control level to 
80.6% of the control flow level by day 0 (p < 0.001), 
whereas no significant change was seen in the control 
group (Group 2) (p < 0.001). RCBFs after 3 days of 
treatment reached 91.7% of the control level in the 
OP-41483 group, whereas the values in the control 
group remained at 40.9% of the control flow level (p 
< 0.001). 


$s l”*s 


FIGS. 3A-D. Renal microvascular architecture visualized by Microfil (MV-112) injection 3 days after ischemia. A. In the OP-41483 group Microfil 
reached the outer cortex and many vasa recta were visualized. B. Higher magnification permitted visualization of many peritubular microvessels in 
the OP-41483 group. C. In the control group Microfil did not reach the outer cortex, the medullary region was obscure, and the vasa recta were not 
visualized. D. Higher magnification revealed very few glomeruli and peritubular microvessels in the control group. 
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Figure 2 shows the daily mean serum creatinine levels 
for both groups. Serum creatinine levels in Group 2 
progressively increased from 1.3 mg/dL to 7.2 mg/dL 
during the 3 postoperative days. Serum creatinine values 
in Group | remained below 3.3 mg/dL during the 3 
postoperative days. The differences in serum creatinine 
levels were statistically significant on postoperative days 
2 and 3 (p < 0.005 and p < 0.02, respectively). 

Figure 3 shows the microvascular architecture of the 
kidneys as visualized by Microfil injection on postopera- 
tive day 3. In Group | Microfil reached the outer cortex 
and the vasa recta was visualized (Fig. 3A); greater mag- 
nification permitted visualization of many glomeruli 
and peritubular microvessels (Fig. 3B). In Group 2 kid- 
neys, Microfil remained predominantly in the relatively 
large intralobular vessels; the outer cortex, the medul- 
lary region, and the vasa recta were not visualized. Thus, 
the cortical vessels had a typical “dead tree” appearance 
as shown in Figure 3C. The number of visible glom- 
eruli and cortical microvessels was greatly decreased 
(Fig. 3D). 

Figure 4 shows the histologic appearance of kidney 
specimens obtained by wedge biopsy on postoperative 
day 3. Sections from Group 2 kidneys revealed extensive 
necrosis or flattening of cortical tubular epithelium (Fig. 
4A) and acellular granular debris filling the lumens of 
some of the tubules (Fig. 4B). Sections from Group 1 
kidneys showed only very limited tubular necrosis (Fig. 
4C). The tubular structure was well preserved and tubu- 
lar dilatation was minimal; flattening of epithelium or 
acellular debris was not found (Fig. 4D). 

Mean survival time for dogs in Group 1 was 47.7 
+ 22.5 days, whereas that in Group 2 was 4.1 + 0.4 days. 
The difference in mean survival times was statistically 
significant (p < 0.01). Four of five dogs in Group 1 
survived more than 30 days, and they were transferred 
from the postoperative surgical animal housing facility 
to a less “clean” facility where they later died of pulmo- 
nary infections. Kidneys removed at necropsy showed 
no histologic sign of ARF. 


Discussion 


The pathophysiology of ischemic ARF is not well un- 
derstood. However, renal cortical vasoconstriction, pref- 
erential renal cortical ischemia (i.e., decreased RCBF), 
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and reduced GFR are characteristic of ischemic 
ARF.!>!? Recent studies suggest that eicosanoids, espe- 
cially an imbalance of the PGI,/TXA2 system, may play 
an important role in the pathogenesis of these phenom- 
ena.’ It has been reported that renal ischemia stimulates 
TXA, synthesis but not PGI, synthesis, which leads to 
an intrarenal imbalance of PGI,/TXA, system and a 
low PGI,:TXA; ratio. Administration of selective TXA, 
synthesis inhibitor during experimental ARF inhibits 
the increase of intrarenal TXA; synthesis, stimulates in- 
trarenal PGI, synthesis, and protects the kidney from 
ischemic injury.’ In contrast, administration of cycloox- 
ygenase inhibitors, which inhibit the synthesis of both 
TXA, and PGI, shows no protective effect during ex- 
perimental ischemic ARF.* Furthermore, vascular per- 
meability increases after ischemia,'* and it has been re- 
ported that TXA; increases vascular permeability and 
PGI, decreases vascular permeability.'* These data sug- 
gest that low PGI, levels and a low PGI2:TXA; ratio are 
critical factors during renal ischemic injury. 

Because PGI,, the vasodilating eicosanoid, is pro- 
duced by the renal cortex in response to agents that 
decrease cortical blood flow,'> PGI, probably partici- 
pates in the homeostatic compensatory response to the 
reduced renal perfusion and GFR seen during the early 
phase of ARF.’ Administration of exogenous PGI, 
could help correct the imbalance of the PGI,/T XAz sys- 
tem and protect the kidney from ischemic injury, but 
PGI, is not stable at physiologic pH and temperature; its 
half-life in the circulation is only 2-3 minutes.'” 

Because the clinical applicability of PGI, is limited, a 
stable PGI, analog OP-41483 was developed. OP-41483 
is stable for more than 48 hours at physiologic pH and 
temperature. Although somewhat less active than 
PGI,, this analog has strong vasodilating and platelet 
aggregation inhibitory effects. A previous study using 
another PGI, analog, Iloprost, has been reported to pre- 
vent the decrease in GFR and the increase in renal vas- 
cular resistance associated with ARF.’ These authors 
suggested that these effects might be mediated by preser- 
vation of renal blood flow and tissue oxygenation. The 
present study provides morphologic evidence confirm- 
ing this hypothesis. In the current study, administration 
of OP-41483 for 3 days after ischemia reduced renal 
cortical vasoconstriction, improved RCBF and renal 
function, prolonged survival time, and limited the oc- 
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Fics. 4A-D. Light photomicrographs of kidneys on days 3. A. Sections of kidneys from control dogs (Group 2) show widespread necrosis or 
flattening of tubular epithelium (hematoxylin and eosin, original magnification X40). B. Higher magnification of sections from control dogs show 
flattened or absent tubular epithelium and acellular granular debris filling several tubules (hematoxylin and eosin, original magnification X200). C. 
Sections of kidneys from dogs treated with OP-41483 (Group 1) show essentially normal tubular architecture (hematoxylin and eosin, original 
magnification X40). D. Higher magnification of sections from dogs treated with OP-41483 show well-preserved tubular structure (hematoxylin and 


eosin, original magnification X200). 
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currence of tubular necrosis in dogs with experimental 
renal ischemia. Microvascular architectural studies 
demonstrated that administration of OP-41483 in- 
creased the visability of glomeruli, peritubular micro- 
vessels, and vasa recta. Decreased vasoconstriction and 
increased glomerular perfusion might be the primary 
contributing factors improving GFR and renal function 
as well as subsequently protecting the kidney from isch- 
emic injury. 

OP-41483 was administered postischemically during 
the reperfusion period and showed a protective effect. It 
has been reported that reperfusion after ischemia pro- 
duces more damage than that caused by the period of 
ischemia alone.'® Recent studies suggest that it may ac- 
tually be the reentry of oxygenated blood into the isch- 
emic organ during reperfusion that initiates tissue dam- 
age.'° Therefore, oxygen free radicals may play a critical 
role in the structural and functional damage to kidneys 
during reperfusion.'’ Oxygen free radicals can disrupt 
the integrity of the vascular endothelium.'® Loss of en- 
dothelial integrity and the consequent extravasation of 
intravascular fluid and blood cells into a previously isch- 
emia area could further contribute to reperfusion in- 
jury.'’ Because the PGI, that is normally synthesized by 
endothelium is known to protect the vascular wall and 
endothelium,’ it is assumed that this is, in part, a mech- 
anism by which administration of this exogenous PGI, 
analog protected the dog kidneys from damage by oxy- 
gen free radicals during reperfusion in the present study. 

These results suggest that the PGI,/TXA_ system is an 
important mediator of the pathophysiologic phenomena 
seen in ischemic ARF. Administration of OP-41483 
provided a degree of protection for the kidney from isch- 
emic injury. These effects are probably related to the 
correction of an imbalance of the PGI,/TXA, system 
(i.e., elevation of PGI,:TXA, ratio), which decreases va- 
soconstriction, platelet aggregation, and intrarenal 
thrombosis within the ischemic kidneys. Modulation of 
the PGI,/TXA, system with OP-41483 might be one 
approach for protecting the kidney from ischemia and 
reperfusion injury in a clinical setting. 
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Pancreatitis-induced Acute Lung Injury 


An ARDS Model 
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Cerulein-induced acute pancreatitis in rats is associated with 
acute lung injury characterized by increased pulmonary micro- 
vascular permeability, increased wet lung weights, and histo- 
logic features of alveolar capillary endothelial cell and pulmo- 
nary parenchymal injury. The alveolar capillary permeability 
index is increased 1.8-fold after a 3-hour injury (0.30 to 0.54, p 
< 0.05). Gravimetric analysis shows a similar 1.5-fold increase 
in wet lung weights at 3 hours (0.35% vs. 0.51% of total body 
weight, p < 0.05). Histologic features assessed by quantitative 
morphometric analysis include significant intra-alveolar hem- 
orrhage (0.57 + 0.08 vs. 0.12 + 0.02 RBC/alveolus at 6 hours, 
p < 0.001); endothelial cell disruption (28.11% vs. 4.3%, p 
< 0.001); and marked, early neutrophil infiltration (7.45 
+ 0.53 ys. 0.83 + 0.18 PMN/hpf at 3 hours, p < 0.001). The 
cerulein peptide itself, a cholecystokin (CCK) analog, is natu- 
rally occurring and is not toxic and in several in vitro settings 
including exposure to pulmonary artery endothelial cells, Type 
II epithelial cells, and an ex vivo perfused lung preparation. 
The occurrence of this ARDS-like acute lung injury with acute 
pancreatitis provides an excellent experimental model to in- 
vestigate mechanisms and mediators involved in the pathogen- 
esis of ARDS. 


IXTY PER CENT OF DEATHS from acute pancreati- 

tis occur within the first 7 days of illness and are 

associated with acute respiratory failure.’ The 
lung injury that develops in patients with acute pancre- 
atitis is indistinguishable clinically and pathologically 
from the adult respiratory distress syndrome (ARDS) 
related to other causes such as sepsis or burns.'~* Cur- 
rent clinical management strategies for acute pancreati- 
tis and for the associated lung injury include nonspecific 
nutritional, hemodynamic, and ventilatory support. 
These strategies have not fundamentally changed the 
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clinical course or overall survival in this setting. Interest 
in developing more specific therapy for this particular 
problem and for the more global problem of ARDS in 
surgical patients has produced tremendous interest in 
the mechanisms involved in the pathogenesis of acute 
lung injury in a number of clinical settings. 

With regard to acute pancreatitis itself, a number of 
animal models are currently in use. These include using 
a closed duodenal loop, pancreatic ductal injection, 
diet-induced pancreatitis, direct injection of the pancre- 
atic tissues, and the use of a secretagogue. Each animal 
model has features that recommend its use in the study 
of biochemical and physiologic aspects of pancreatitis. 
These particular models were reviewed in detail during a 
recent symposium.’ The pancreatitis model of Lampel 
and Kern, using secretagogue-induced pancreatic hyper- 
stimulation, is associated with development of an acute 
lung injury that shares many of the features of early 
human ARDS.‘ The model utilizes cerulein, a cholecys- 
tokinin (CCK) analog infused intravenously in supra- 
maximal doses (5 wg/kg/h) to induce acute pancreatitis. 
This pancreatitis is characterized by edema formation, 
focal glandular necrosis, acute inflammation, and hy- 
peramylasemia. The pancreatic morphologic changes 
are well described and are consistent with those of 
human acute pancreatitis. The model is particularly 
appealing and unique in that the pancreatitis induced is 
reversible edematous pancreatitis similar to the usual 
form of human pancreatitis rather than the rapidly pro- 
gressive lethal pancreatitis induced with the other exper- 
imental models. Of particular interest in this model is 
the consistent association of pancreatitis with remote 
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acute lung injury characterized by increased capillary 
permeability and histologic evidence of diffuse lung in- 
jury, which is quite similar to both human and experi- 
mental ARDS. 


Materials and Methods 
Animal Model 


Male pathogen-free (200-250 g) Sprague-Dawley rats 
(Charles River, Portage, MI) were used in all experi- 
ments. Anesthesia was obtained with the subcutaneous 
administration of ketamine hydrochloride (100 mg/kg 
body weight). Silastic (TM) catheters (0.20 mm internal 
diameter) were placed by cutdown into the jugular vein. 
The catheters were tunneled subcutaneously to exit in 
the dorsal cervical region of each rat. Each catheter was 
secured, flushed with physiologic saline, and capped. 
The rats were allowed to recover overnight in individual 
cages with free access to food and water. Infusion of 
cerulein (Sigma Chemical, St. Louis, MO) or physio- 
logic saline was performed the following day. Sterile 
physiologic saline was used for the preparation of the 
cerulein infusate as well as for infusion of control ani- 
mals. The dose of cerulein was 5 ug/kg/h as described by 
Lampel and Kern.° The infusion apparatus consisted of 
stainless steel wrapped intravenous (I.V.) tubing con- 
nected to 30-mL syringes. Prior to infusion the rats’ 
catheters were flushed with sterile physiologic saline 
(0.5-1.0 mL) to ensure patency. Continuous individual 
I.V. infusions were given using Harvard-type infusion 
pumps (Harvard, pump 22) at an infusion rate of 2 
mL/h. Following infusion the rats were sedated with 
ketamine hydrochloride (100 mg/kg body weight) and 
killed by exsanguination. 

Three hours prior to death an I.V. bolus of !7°I-bovine 
serum albumin (BSA: 800,000 cpm) was given for as- 
sessment of microvascular permeability changes. Imme- 
diately following infusion laparotomy was performed 
and | mL of blood aspirated from the inferior vena cava 
and the inferior vena cava transected. The heart and 
lungs were removed en bloc, and 10 mL of sterile saline 
was infused into the right ventricle to wash residual 
blood and '”I-BSA from the pulmonary vascular bed. 
When performed correctly and rapidly, a spontaneous 
heartbeat persists and the lung parenchyma develops a 
typical white blanched appearance when bloodless. The 
whole lungs were then isolated, weighed, and counted in 
a gamma crystal scintillation counter with the 1-mL 
blood sample. The ratio of lung to blood counts is taken 
as a measure of microvascular permeability and is a 
quantifiable marker of lung injury in this as well as in 
other lung injury models. This aspect of the permeabil- 
ity assessment is described in detail in several recent 
publications.’ 
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Morphologic Studies 


Additional rats were prepared identically and infused 
with either cerulein or physiologic saline for histologic 
study. No '*°I-BSA was given. At death the lungs were 
inflated via the trachea with 4% glutaraldehyde in caco- 
dylate buffer. At each time point evaluated, at least three 
animals per group were assessed histologically. After 
fixation biopsies were taken from each lobe of the lung 
and embedded in epon. For light microscopy studies 
l-um sections were taken from the plastic blocks and 
stained with toluidine blue. For electron microscopy ul- 
trathin sections were cut and processed routinely for 
ultrastructural studies using a Phillips™ 401 transmis- 
sion electron microscope (Phillips Electronics, Nether- 
lands). 


Quantitative Morphometric Evaluation of Lung 


Plastic embedded sections (1 um thick) of lung tissue 
stained with toluidine blue were used as described. In 
addition, electron micrographs of the lungs were used 
for high resolution analysis. A minimum of 60 different 
interstitial capillaries and alveoli from each of three rats 
per group were examined by morphometric techniques. 
These structures were randomly selected for analysis 
using a Zeiss photoscope II with a 40X objective (Carl 
Zeiss, Inc., New York), which was connected electroni- 
cally to a high resolution television camera, which in 
turn was linked to a video-plan (Carl Zeiss, Inc.) that 
contained a television screen. The instrument was pro- 
grammed to permit measurement of the length of endo- 
thelial surfaces in interstitial capillaries, the amount of 
the endothelial surface involved with bleb formation or 
other manifestations of cell injury, the numbers of neu- 
trophils and macrophages, the length of alveolar sur- 
faces, and the numbers of erythrocytes within alveolar 
compartments. Areas to be measured were outlined on 
the television screen with an electronic wand and the 
data collected entered into a computer for analysis. De- 
tails of these techniques are provided in a recent publi- 
cation.® 


The Isolated Perfused Lung Preparation 


A complete description of this method has been pre- 
viously published.’ Briefly, lungs were isolated from 
male Sprague-Dawley rats (body weight: 200 g) and per- 
fused with heparinized homologous blood at a constant 
flow rate of 0.03 mL/g rat body weight/min. The lungs 
were ventilated via a tracheal cannula with an air/gas 
mixture containing 21% O, and 5% CO, at a rate of 60 
strokes/min using a Harvard animal respirator. Lungs 
were perfused for 30 minutes to reach a stable perfusion 
pressure and temperature prior to the initiation of all 
experimental protocols. !7°I-BSA was added to the blood 
reservoir 30 minutes following the injection of cerulein 
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into the blood perfusate. Concomitant with the addition 
of !25]-BSA the lung was subjected to a hydrostatic chal- 
lenge. This was done by raising the venous reservoir 
(lung effluent) 15 cm above the level of the left atrium 
for the final 30 minutes of perfusion. Thirty minutes 
after the addition of the '*°I-BSA, 1 mL of pulmonary 
venous effluent was obtained, weighed, and counted for 
2 minutes in a gamma scintillation counter. This al- 
lowed the determination of the number of '*°I-BSA 
counts in 1.0 mL of circulating perfusate. 

The perfusate was then changed to a physiologic salt 
solution. After the lung was perfused with 15 mL of this 
perfusate, 1.0 mL of pulmonary venous effluent was 
obtained and assessed for radioactivity in a gamma 
scintillation counter. This was done to confirm that 
minimal !?5I-BSA counts (<1% of the counts present in 
1 g of the circulating perfusate) remained within the 
intravascular space of the lung. The lungs and attached 
structures were then weighed prior to performing whole 
lung lavage, which was done by instilling 3.0 mL of 
normal saline into the tracheal cannula. One milliliter of 
the lavage fluid recovered was then counted for 2 mi- 
nutes in a gamma scintillation counter to assess the 
amount of '2°I-BSA that accumulated in alveolar lavage 
fluid. The attached structures were dissected away from 
the lung tissue and weighed; this weight was subtracted 
from the previously determined weight of the lung with 
attached structures to determine lung wet weight. The 
lung tissue was counted for 2 minutes in a gamma scin- 
tillation counter to determine the amount of '”°I-BSA 
that accumulated in the lung parenchyma. 

'251.BSA counts present in alveolar lavage fluid, lung 
tissue, and pulmonary venous effluent were normalized 
by dividing the number of counts measured by the num- 
ber of '25I-BSA present in | g of circulating perfusate. 
The ratio of lung wet weight to rat body weight was 
calculated as an index of lung water. 


The Isolated Pulmonary Capillary Endothelial Cell 
Preparation 


Bovine pulmonary artery endothelial cells were har- 
vested and grown in tissue culture. Details of this isola- 
tion were provided in a recent publication.” Briefly, 
fresh bovine tissue was obtained from a local slaughter- 
house. Pulmonary artery endothelial cells were obtained 
without the use of exogenous proteases by gentle scrap- 
ing of the intimal surface of the pulmonary artery with a 
scapel blade. The endothelial cells were washed in anti- 
biotic supplement medium 199, centrifuged, and then 
resuspended in medium 199 containing 10% fetal calf 
serum and antibiotics. The cells were then plated in 
plastic tissue culture flasks. The cells were kept at 37 C 
in 5% CO>. When confluent, the cells were further sub- 
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cultured. The isolated cells grow as a contact-inhibited 
monolayer with a “cobblestone” morphology. They are 
characterized as endothelial cells on the basis of their 
angiotensin converting activity, their expression of fac- 
tor VIII and alpha 2 macroglobulin, and their ultrastruc- 
ture. Cytotoxicity of the cultured cells was assessed by a 
standard Cr’! release assay. The cultured cells were 
seeded into 24-well culture dishes with 2.5 X 107° cells/ 
well in 1 mL of media. Each well received 10 mCi of 
Na>! CrO, (New England Nuclear; Boston, MA). The 
cells were then incubated for 18 hours after which they 
were washed twice to remove unincorporated radioac- 
tivity. Cerulein was then added to the wells and the cells 
incubated for an additional 24 hours; 0.5 mL of super- 
natant was removed from each well and assayed in a 
gamma scintillation counter to determine Cr?! release. 
As controls Cr’! release was measured from wells re- 
ceiving medium only. Total release was obtained from 
wells treated with 0.2% Triton X-100. Spontaneous re- 
lease never exceeds 20% of total release and in most 
cases averages 5-15%. The percentage of cytotoxicity 
was calculated. 


Results 


The gross appearance and weight of each rat lung and 
pancreas were recorded at autopsy. The pancreas from 
each rat receiving cerulein was abnormal on gross exam- 
ination. The typical feature was edema. This included 
both intralobar as well as acute interlobular edema. Ap- 
proximately 10% of the glands also had evidence of sa- 
ponification, hemorrhage, or frank necrosis. The lungs 
were also abnormal on inspection in the animals with 
cerulein-induced pancreatitis. Areas of focal hemor- 
rhage and atelectasis were apparent. In contrast, the 
pancreas and lungs from saline-infused control rats had 
none of these abnormal features. Wet weights of pan- 
creas and lung from rats with cerulein-induced pancre- 
atitis are summarized and compared to saline-treated 
controls at infusion times from | to 12 hours (Table 1). 
For clarity these are expressed as a percentage of total 
body weight. A significant (p < 0.05) increase in lung 
weights is present in the cerulein-infused rats when 
compared to the saline controls at 3 hours. At each time 
point evaluated, a significant increase in wet pancreas 
weight occurred when animals with cerulein-induced 
pancreatitis were compared to saline-treated controls. 

The quantitative assessment of capillary permeability 
changes using '**I-BSA has proven to be a sensitive and 
simple technique in this laboratory. The expression of 
the data as the ratio of lung counts to a reference value 
of blood (1 mL) eliminates the variability inherent in 
injecting small volumes of a tracer. The permeability 
ratios using the '**I-BSA are detailed in Table 2. A sig- 


74 GUICE AND OTHERS 


TABLE 1. Wet Weights of the Lung and Pancreas* 





Lung Weightt 
Pancreas Weightt 
Hours of Control Cerulein 
Infusion (N = 26) (N = 23) (N = 38) (N = 23) 
0.46 +0.02 0.45+0.03 0.28+0.01 0.39+ 0.02¢ 


l 

3 0.35 +0.02 0.51 +0.01 0.31 +0.03 0.73+ 0.08} 
6 0.49 + 0.02 0.51+0.08 0.33+0.03 0.73+ 0.074 
2 


l 0.50 + 0.03 0.55+0.03 0.30+0.02 0.90 +0. 164 


* Acute pancreatic edema formation occurred in the animals with 
cerulein-induced pancreatitis at each time point. Lung wet weights 
showed a significant increase only after 3 hours of infusion in the 
animals with pancreatitis. This is consistent with an acute but revers- 
ible lung injury. 

t Lung and pancreatic weights are expressed as a percentage of total 
body weight and represent wet weights for each organ. 

p < 0.05 (Student’s t-test) 


nificant increase in pulmonary capillary permeability 
was found in the rats with cerulein-induced pancreatitis 
when compared to saline-infused control animals at 
both 3 and 12 hours of infusion. Based on previous 
experience, these permeability indices are consistent 
with significant injury to the pulmonary capillary endo- 
thelium. 

Histologic evaluation of these lungs from rats with 
pancreatitis confirmed the presence of an acute lung 
injury that parallels the chronology of the permeability 
increase. At the light microscopy level, the lungs of ce- 
rulein-treated animals displayed progressive but patchy 
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TABLE 2. Permeability Changes* 


Permeability 
(Lung/Blood cpm)+ 
Control Cerulein 
Hours of Infusion (N = 29) (N = 55) 

l 0.38 + 0.05 0.27 + 0.04 

3 0.30 + 0.02 0.54 + 0.044 

6 0.35 + 0.04 0.31 + 0.04 
12 0.25 + 0.02 0.44 + 0.044 


* Microvascular permeability is significantly increased in the pulmo- 
nary capillary bed at both 3 and 12 hours of cerulein infusion. 

t Lung capillary endothelial permeability as measured by '?51-BSA 
accumulation in lung parenchyma. 

ł p < 0.05 (Student’s t-test). 


edema, inflammation, and intra-alveolar hemorrhage. 
Electron microscopy (EM) was more helpful and re- 
vealed a dramatic and widespread injury to the alveolar 
capillaries. Figure 1 illustrates typical findings of the 
lung injury in animals with cerulein-induced pancreati- 
tis. Alveolar capillary endothelial cells have the features 
of acute injury; blebbing and separation from the base- 
ment membrane are present, and areas of focal necrosis 
with disruption of the cell membrane are seen. Marked 
interstitial edema is present with inflammatory cells, 
particularly neutrophils, present in large numbers. In 
some areas the basement membrane itself is disrupted. 
In contrast, Figures 1C and 1D illustrate the absence of 
injury in the saline-infused control animals. 


FiG. 1. Photomicro- 
graph from a 3-hour 
cerulin-infused rat lung 
(a and b) compared to a 
time-matched normal 
saline-infused rat lung (c 
and d). Widespread en- 
dothelial cell damage is 
present (a-arrow) as well 
as actual capillary 
disruption (b-arrow). 
There is extensive inter- 
stitial edema (INT) and 
focal intra-alveolar hem- 
orrhage (alv). The sa- 
line-infused lung is nor- 
mal. 
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TABLE 3. Morphometric Analysis of Pancreatitis-induced Lung Injury 
ae a Ten nnn EUS EtnnaInAnE SEEDER Ee EERE 


Vascular Compartment 


LLL ee 


Number of Percent of Damaged 


Alveolar-interstitial Compartment 


Treatment Sections Endothelium* Neutrophils} Macrophagest Erythrocytes 
Saline 3 hours 60 4.88 0.83 + 0.18 0.91 + 0.15 0.12 + 0.02 
Cerulein 3 hours 60 25.90 (<0.001) 7.45 + 0.53 (<0.001) 1.77 + 0.18 (<0.01) 0.21 + 0.03 (<0.05) 
Saline 6 hours 60 4.31 1.37+0.14 0.60 + 0.14 0.08 + 0.02 
Cerulein 6 hours 60 28.11 (<0.001) 5.42 + 0.40 (<0.001) 1.63 + 0.19 (<0.001) 0.57 + 0.08 (<0.001) 


oth Mihi? A eee ee ee ee am | Jan EET OTe. Aa 


* Data are expressed as percent of surface area of endothelium dam- 
aged/surface distance microns of endothelial cells measured. p values 
are located within parentheses for each data pair. 

+ Data are expressed as total numbers of neutrophils and mono- 


Quantitative morphometric studies of the injured 
lungs were also done. The interstitial, capillary, and al- 
veolar compartments were examined for surface area 
changes characteristic of endothelial cell injury. Hemor- 
rhage and quantitation of neutrophil and macrophage 
influx into the lung were also recorded. Table 3 summa- 
rizes these morphometric data. Rats receiving saline in- 
fusion only showed no evidence of endothelial cell dam- 
age. In contrast, the lungs from animals with cerulein- 
induced pancreatitis showed a fivefold to sixfold 
increase in endothelial cell damage; 25.9% and 28.11% 
of the capillary endothelial cell surface was injured after 
3 and 6 hours, respectively, of cerulein infusion. This is 
to be compared to saline control values of 4.88% and 
4.31%, respectively. 

The number of erythrocytes in the alveoli of the ceru- 
lein-treated animals is also increased compared to con- 
trols with 0.21 + 0.03 and 0.57 + 0.08 erythrocytes/ 
alveolus at 3 and 6 hours, respectively (p < 0.05 and p 
< 0.001, respectively) compared to control values of 
0.12 + 0.02 and 0.08 + 0.02 erythrocytes/alveolus. 
Thus, the number of red blood cells (erythrocytes) per 
alveolus at 6 hours in the lungs of the cerulein-treated 
rats is increased fivefold to sixfold, consistent with frank 
intra-alveolar hemorrhage secondary to diffuse injury to 
the alveolar capillary bed. 

This lung injury is also characterized by an acute in- 
flammatory response, specifically an increase in the 
number of phagocytic cells found in the lung. The num- 
bers of neutrophils in the lungs of the cerulein-treated 
rats are significantly increased. At 3 and 6 hours, respec- 
tively, 7.45 + 0.53 and 5.42 + 0.40 neutrophils (PMN)/ 
high power field (hpf) are found in contrast to 0.83 
+ 0.18 and 1.37 + 0.14 PMN/hpf for the saline-infused 
control animals at similar time points. These numbers 
are highly significant at p < 0.001. The highest number 
of neutrophils are found at 3 hours after the start of the 
cerulein infusion, corresponding precisely with the 
maximal permeability increase seen demonstrated with 


cytes/macrophages in lung alveolar vessles and alveoli per high power 
field (hpf, 40X). 
t Data are expressed as the number of erythrocytes/alveolus. 


125]._BSA in the rats with cerulein-induced pancreatitis 
(Tables 2 and 3). Increased numbers of monocytes/mac- 
rophages are also present in the lungs of the cerulein- 
treated animals. The increase is twofold to threefold at 
the time points indicated: 1.77 + 0.18 and 1.63 + 0.19 
macrophages/hpf at 3 and 6 hours versus 0.91 + 0.15 
and 0.60 + 0.14 macrophages/hpf for the saline con- 
trols. These observations are consistent with the concept 
that neutrophils are the primary acute inflammatory ef- 
fector cells in this model and that the tissue macrophage 
and circulating monocytes represent effector cells, 
which respond more slowly to an acute injury. 

Because the experiments described to this point do 
not exclude the possibility that the cerulein peptide itself 
might be the source of a direct injury to the lung, two 
additional studies were performed to exclude direct ce- 
rulein toxicity. Initially, an isolated perfused ex vivo 
heart-lung preparation was evaluated with cerulein 
added to a blood perfusate. Our experience with this 
model is recently reported’ and allows for specific evalu- 
ation of capillary endothelial permeability, mean pul- 
monary artery perfusion pressures, and lung weights. 
Results are summarized in Table 4. No increase in '**I- 
BSA accumulation within the lung or in lung weights 
were found in the experimental (cerulein-infused) lungs 
compared to the control lungs. 

An additional in vitro study was done to evaluate for 
direct cerulein-induced cytotoxicity on cultured pulmo- 
nary artery endothelial cells. The technique utilized is 
one previously described and compares various dilu- 
tions of cerulein with standard Triton-X-induced cyto- 
toxicity.'° The dilutions of cerulein evaluated exceed 
those of the in vivo model by several orders of magni- 
tude. The results are shown in Table 5. It is clear that 
cerulein, even at high concentrations, has no detectable 
direct cytotoxic effect upon pulmonary artery endothe- 
lial cells in vitro. Furthermore, we have previously dem- 
onstrated that cerulein alone has no toxic effect upon 
cultured pulmonary Type II epithelial cells.'' We con- 
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TABLE 4, Ex Vivo Heart-Lung Perfusion* 


Control Experimental 
(Normal Saline, (Cerulein, 
N = 6) N = 6) 


RST EE I ce CR A A 
Albumin leak index 


Lung parenchyma 0.30 + 0.04 0.38 + 0.07 
Lung lavage 0.03 + 0.01 0.04 + 0.01 
Mean pulmonary 
artery pressure 
Before infusion 11.9 +0.6 12-5. + 0.7 
During albumin 
accumulation 21.4 +0.7 s i E £18 
Increase in pressure 
following 
infusion L2 $05 ot 61 
Lung wet weight/rat 
body weight 4.9+0.3 x 107° 5.1+0.4 x 1073 


* Ex vivo perfused rat lungs showed no differences in albumin leak 
index, mean pulmonary artery pressure or lung weights when perfused 
with blood alone or with cerulein. '*I-BSA accumulation was mea- 
sured over 30 minutes while left atrial pressure was increased by raising 
the venous outflow reservoir 15 cm above the level of the left atrium 
(p > 0.05 in each instance). 


clude on the basis of these three pieces of evidence that it 
is unlikely that cerulein is a direct cause of the observed 
acute lung injury. Rather, more likely is the probability 
that the lung injury occurs secondarily to the develop- 
ment of acute pancreatitis. 


Discussion 


The association of ARDS and pancreatitis is well rec- 
ognized, as is the association of ARDS with sepsis or 
trauma. Clincial evidence of acute lung injury is re- 
ported in as many as 70% of patients with acute pancre- 
atitis.'*-'* More severe lung injury manifested as ARDS 
or acute respiratory failure occurs in approximately 15% 
of patients with acute pancreatitis.'*!> The pathogenesis 
of the pancreatitis-associated acute lung injury is un- 


TABLE 5. In Vitro Cytotoxicity Evaluation of Bovine Pulmonary 
Artery Endothelial Cells* 


Treatment % Cytotoxicity p 
Control cells 710 — 
Triton X-100 7714 $ 
Cerulein concentrations 

0.01 ng/mL 732 NS 
0.10 ug/mL 741 NS 
1.00 ug/mL 625 NS 
10.00 ug/mL 576 NS 





* Cytotoxicity as measured by Cr’! release from cultured pulmonary 
artery endothelial cells. Maximum cytotoxicity occurs with Triton 
treatment. 

t p < 0.05 (Student’s t-test). 
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known. Possible effectors include a number of endoge- 
nous substances and cellular elements. Among these, 
activated pancreatic proteases, free fatty acids, phos- 
pholipase A, activated complement and kinin compo- 
nents, and activated neutrophils’? have some experi- 
mental substantiation. 

Previous animal models of acute pancreatitis have re- 
lied on surgical manipulation of the pancreatic duct or 
direct injection of the pancreas with bile or trypsin to 
induce rapidly fatal acute hemorrhagic pancreatitis. !6!7 
These models are not desirable for the study of pancre- 
atitis-associated lung injury for two reasons: (1) the 
rapid, irreversible nature of the pancreatitis does not 
allow time-dependent studies of the lung injury, and (2) 
the principal form of human disease is reversible acute 
edematous pancreatitis, which is nicely reproduced in 
this model.*° This model of acute pancreatitis is in- 
duced by supramaximal secretagogue stimulation with 
cerulein, a CCK peptide analog. Advantages include 
simplicity; the absence of artifact attributable to direct 
surgical manipulation or injection of the pancreas; the 
generation of a well-defined, reproducible, nonlethal 
acute edematous pancreatitis; close approximation bio- 
chemically and histologically of typical human edema- 
tous pancreatitis; and most importantly in this context, 
the consistent development of diffuse acute lung injury. 

This study was designed to identify, characterize, and 
develop potential mechanisms for this pancreatitis-in- 
duced lung injury. We have previously found that ceru- 
lein-induced pancreatitis-associated lung injury is char- 
acterized by diminished pulmonary surfactant (dipal- 
mitolyphosphatidyl choline) synthesis.'' Additionally, 
we have developed evidence that oxygen free radicals, 
probably neutrophil-generated, are important in the de- 
velopment of the lung injury.'*® Evidence of diffuse al- 
veolar capillary endothelial injury in this cerulein model 
is twofold: (1) significant increases in lung permeability 
occur as demonstrated by the increased '*°I-BSA accu- 
mulation in the lungs of rats with acute pancreatitis; and 
(2) quantitiative morphometry shows significant (p 
< 0.05) endothelial cell disruption, interstitial edema, 
intra-alveolar hemorrhage, and phagocytic cell infiltra- 
tion. The parallel between the time course of these per- 
meability changes and the number of neutrophils within 
the lung tissue is striking and suggests strongly that a 
neutrophil-generated product(s) may be involved in the 
development of this injury. The additional involvement 
of the macrophages is consistent with the concept that 
recruited neutrophils are the initial acute inflammatory 
effector cells and that tissue macrophages and circulat- 
ing monocytes are phagocytic cells, which respond more 
slowly and chronically to acute injury. 

Neutrophil-generated oxygen free radicals have been 
previously implicated in experimental acute lung injury 
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related to thermal injury, complement activation by 
cobra venom factor (Naja naja), and endotoxemia. A 
unifying hypothesis for these observations is that pulmo- 
nary capillary endothelial cell membranes are injured by 
the products of activated neutrophils. In this model syn- 
ergistic contributions by activated pancreatic proteases, 
neutrophil-derived proteases, and a number of addi- 
tional mediators are possible. 


Summary 


We have found that the secretagogue-induced acute 
pancreatitis results in a remote lung injury characterized 
by increased alveolar capillary permeability, interstitial 
edema, and histologic features indistinguishable from 
ARDS. The secretagogue, cerulein, alone does not pro- 
duce direct lung injury in three different in vitro experi- 
ments. This model represents a unique, reversible injury 
to both the pancreas and lung that is appealing for in- 
vestigation of the mediators and mechanisms involved 
in the pathogenesis of pancreatitis-associated ARDS. 
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Severe trauma results in reversible abnormalities in neutrophil 
function, but the specific role in the pathogenesis of postopera- 
tive sepsis is undetermined. Twenty adult patients undergoing 
elective surgical procedures were studied. Blood samples were 
obtained prior to and 24 hours after operation. Blood neutro- 
phils were isolated and incubated (107 cells/mL) on bovine 
vascular endothelial cell monolayers. Untreated plasma or Zy- 
mosan-activated plasma (ZAP) or 65 C inactivated plasma was 
added, and TxB, and 6-keto PGF;,, production measured after 
2 hours. Endothelial damage was detected by light and scan- 
ning electron microscopy beginning 2 and 4 hours after treat- 
ment. Preoperatively, neutrophil TxB, release was less than 
200 pg/mL; following ZAP it was 2153 pg/mL (p < 0.001), 
with untreated plasma 1055 pg/mL (p < 0.005) and inactivated 
plasma 764 pg/mL (p < 0.01). Neutrophil TxB, release on a 
plastic dish was not different from incubation on endothelium. 
Endothelial 6-keto PGF;, release following addition of un- 
treated plasma preoperatively was 1308 pg/mL (p < 0.01), and 
with ZAP 1305 pg/mL (p < 0.01). Activated neutrophils did 
not alter 6-keto PGF,,, production. Postoperatively, neutrophil 
TxB, production in response to ZAP was 1092 pg/mL, which 
was significantly reduced compared to the preoperative re- 
sponse (p < 0.01). Endothelial damage by activated neutro- 
phils in the postoperative period demonstrated on scanning 
electron microscopy was also reduced; 6-keto PGF;, release in 
the postoperative period inducted by ZAP was 569 pg/mL and 
by untreated plasma 549 pg/mL, which was significantly lower 
than in the preoperative period (p < 0.05 and p < 0.05, respec- 
tively). No difference in chemotaxis was demonstrated. It is 
concluded that operative trauma is followed by lowered neutro- 
phil TxB, release, appearance of a plasmatic factor that de- 
presses endothelial 6-keto PGF, production, as well as de- 
creased neutrophil-induced endothelial damage. The neutro- 
phil-endothelial monolayer system is a sensitive method for 
detection of neutrophil and plasmatic dysfunction. 


EVERE TRAUMA results in a number of acquired, 
reversible host-defense abnormalities, which are 
thought to predispose to the development of 
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sepsis in traumatized patients.! In clinical studies it has 
been extremely difficult to prove this hypothesis because 
cause and effect cannot be separated and determined 
specifically. Some of these host-defense abnormalities 
have been conclusively demonstrated,'~* but their role 
in the pathogenesis of sepsis is as yet unidentified be- 
cause of inability to implicate a specific abnormality 
responsible for the development of sepsis. 

Among the various factors involved in the alternation 
of host resistance, the one of major interest particularly 
as it relates to bacterial infections, is neutrophil func- 
tion. Although abnormalities in chemotactic response,’ 
neutrophil adherence,° bacterial killing ability,! neutro- 
phil migration,’ and chemiluminescence® have been 
demonstrated, important gaps in knowledge about neu- 
trophil function still exist. The presence and magnitude 
of serum-associated defects and their relative contribu- 
tion to observed neutrophil disorders also require a bet- 
ter definition. 

Activation of the alternative pathway of the comple- 
ment system during trauma or sepsis is followed by pro- 
duction of the complement fragment C5a, which leads 
to neutrophil activation, aggregation, adherence to vas- 
cular endothelium, and release of vasotoxic agents such 
as active oxygen radicals, proteases, and thromboxane 
Az (TXA2), which lead to endothelial damage and in- 
creased permeability.”-'' The activated neutrophil uti- 
lizes molecular oxygen to transform arachidonic acid 
into biologically active compounds such as endoperox- 
ides and TxA;.'” It has been recently demonstrated!? 
that neutrophils from burned patients have marked and 
sustained incrases in the expression of complement re- 
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ceptors CR, and CR;. A correlation has been found 
between this increase in expression of complement re- 
ceptors and depression of chemotaxis of leukocytes 
from burned patients in response to zymosam activated 
plasma (ZAP). It was suggested that CSa formed by the 
burned wound is responsible for systemic neutrophil ac- 
tivation, which may contribute to increased susceptibil- 
ity to infection. 

Cultured endothelial cell monolayers posses the ca- 
pacity to generate prostacyclin (PGI) directly from ex- 
ogenous sodium arachidonate via cyclooxygenase and 
the capacity to convert externally formed prostaglandin 
endoperoxides to PGI,.'* Untreated endothelial mono- 
layers continuously synthetize and release low baseline 
levels of PGI, which are rapidly converted to the bio- 
logically stable product 6-keto PGF..." 

The effect of major elective surgery on TxA, produc- 
tion by patient neutrophils and PGI, production by cul- 
tured endothelial cell monolayers treated by the pa- 
tient’s plasma was used in this study in order to deter- 
mine the effect of surgical trauma on plasma and 
neutrophil function. 


Methods 


Twenty patients undergoing elective surgical proce- 
dures at the Hadassah University Hospital were studied. 
There were 11 men and 9 women with a median age of 
48 years (mean: 44 years; range: 24-80 years). The oper- 
ative procedures were cholecystectomy in three, modi- 
fied radical mastectomy in three, left hemicolectomy in 
five, right hemicolectomy in five, abdominoperineal re- 
section in two, and total gastrectomy in two. All patients 
were electively admitted for surgery with no signs of 
intercurrent infection, and in all a history of intake of 
either steroidal or nonsteroidal anti-inflammatory 
agents for at least 2 weeks prior to surgery was excluded. 
Baseline venous blood samples were obtained in the 
morning prior to surgery before any premedication was 
given. The second sample was taken 24 hours following 
the surgical procedure. An informed consent was ob- 
tained from all patients in accordance with the ethical 
standards of the Committee on Human Experimenta- 
tion of the Hadassah University Hospital. 


Preparation of Neutrophils 


Forty-six milliliters of venous blood was drawn into a 
plastic syringe containing 8 mL acid citrate dextrose (6:1 
ratio). The neutrophils were prepared according to a 
modification of the method previously described by 
Crowley et al.'° Briefly, the blood was mixed with 20 mL 
of Dextran 70 (Macrodex 6% in 0.9% NaCl, Pharmacia, 
Uppsala, Sweden) and left to sediment for 1 hour at 
room temperature. The supernatant was collected and 
centrifuged at 4 C 100 g, for 12 minutes. All further steps 
were carried out at 4 C. To lyse the erythrocytes, the 
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pellet was resuspended in 3 mL of distilled water for 30 
s, then 1 mL 0.6 mol/L KCI was added, and the solution 
was centrifuged at 160 g for 4 minutes. This procedure 
was repeated twice. Further purification of the neutro- 
phils was achieved by resuspending the pellet in Hank’s 
solution and centrifugation over Ficoll-Hypaque at 250 
g for 30 minutes. The cells (96% neutrophils) were sus- 
pended in Hank’s solution at a concentration of 10’ 
cells mL’. 


Preparation of Zymosan Activated Plasma 


Twenty milligrams of zymosan (Sigma, St. Louis, 
MO) was mixed in 5 mL 1 N NaOH and boiled for 10 
minutes. The zymosan pellet was washed in Hank’s so- 
lution 3 times and suspended in 2 mL of the patients’ 
plasma (10 mg/mL plasma). The zymosan plasma sus- 
pension was incubated for 30 minutes at 37 C and then 
centrifuged at 300 g for 10 minutes, and the plasma 
collected. The plasma was divided into two tubes, one of | 
which (1 mL of plasma) was termed ZAP, and in the 
second the complement system including C5a was inac- 
tivated at 65 C for 30 minutes and termed inactivated 
plasma. 


Preparation of Endothelial Cell Monolayers 


Clonal populations of bovine vascular endothelial 
cells obtained from the adult aortic arch were grown in 
culture as previously described.'® Cells were routinely 
cultured in Dulbecco’s modified Eagle’s medium 
(DMEM, GIBCO, Grand Island, NY), supplemented 
with 10% bovine calf serum (GIBCO) and gentamicin 
(50 ug/mL) at 37 C in 10% CO, humidified incubators. 
Cells were passaged weekly at a split ratio of 1:64 and 
fibroblast growth factor (FGF), purified from bovine 
brain," and 10 ng/mL was added every other day during 
the phase of active cell growth. Confluent cultures were 
maintained without further addition of FGF in the form 
of highly organized cell monolayers, composed of flat- 
tened, closely packed, and nonoverlapping cells. For 
each experiment cells were plated at an initial density of 
4 X 10* cells per 35 mm dish (Becton-Dickinson Co., 
Clifton, NJ) and incubated until reaching confluence 
(1100 cells/mm?). 


Experimental Procedure 


The endothelial plates were washed once in Hank’s 
solution, after which a 0.9-mL neutrophil suspension 
(10’ cells/mL) was added to the endothelial monolayers 
and incubated for 10 minutes at 37 C in a CO; incuba- 
tor. Either 0.1 mL of ZAP, or 65 C inactivated plasma, 
or untreated plasma or buffer without plasma was added 
to the cultures that were then further incubated for 2 
hours at 37 C in the CO, incubator. Appropriate con- 
trols including endothelial monolayers incubated with 
buffer only, or incubated with either activated plasma, 
inactivated plasma, or untreated plasma, were also in- 
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TABLE 1. Comparison of Neutrophil Migration Toward Zymosan- 
Activated Serum Before and Afier Operation 


Random Chemotaxis (um) 
Migration 
(um) 1% ZAS 0.5% ZAS 
Before operation 63.0 + 5.7 42.1 + 6.0 33 ES 
Twenty-four hours 
after operation 60.5 + 8.3 36.8 + 6.7 24.5 + 6.3 


Values are given as mean + SEM. 
ZAS = zymosan-activated serum. 


cluded. The various plasma and neutrophil mixtures 
were also incubated in empty plastic dishes uncoated 
with endothelial cells. 

Following the 2-hour incubation period, conditioned 
media were collected, frozen, and kept at —70 C until 
tested. 


Light Microscopy 


Samples for light microscopy examination of endo- 
thelial damage by neutrophils were examined at X100 
magnification after gently withdrawing with a Pasteur 
pipette, 2 and 4 hours after incubation. 


Scanning Electron Microscopy 


Samples for scanning electron microscopy examina- 
tion were obtained 2 and 4 hours after incubation. The 
samples were washed twice with PBS, then fixed in situ 
with glutaraldehyde (2.5% in PBS) for 1 hour at room 
temperature and thereafter for 24 hours at 4 C. After 
fixation samples were dehydrated in a graded series of 
ethanol followed by ethanol/freon 113 and critical point 
dried using freon 13 as described earlier.'® Plastic sub- 
strates were stuck onto aluminium stubs using double- 
sided sticky tape and coated with a thin layer of gold 
palladium (1-20 nm). Samples were examined with a 
JEOL SM-35 scanning electron microscopy. 


Chemotaxis 


Chemotaxis of neutrophils obtained from the patients 
before operation and 24 hours after operation was as- 
sayed by the leading front technique'””° using ZAS as 
chemotactic factor.’ ZAS was prepared by incubating 
normal human serum with zymosan (10 mg/mL) for 20 
minutes at 37 C. After removal of the zymosan by cen- 
trifugation (800 g for 10 minutes at 4 C), the serum was 
divided into aliquotes and stored at —70 C until use. In 
the assay, the neutrophil suspension (10° cells/mL) was 
placed in the upper compartment of a Boyden Chamber 
(Blind Well Boyden Chamber Nucleopore Corp., Be- 
thesda, MD; membrane filter 3 um pore size, Sertorius, 
Gottingen, West Germany) and the chemotactic factor 
in the lower compartment. Incubation was carried out at 
37 C for 45 minutes. Random migration was deter- 
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mined by measuring migration toward PBS* (Dul- 
becco’s PBS enriched with 6 mg/mL bovine serum al- 
bumin and | mg/mL dextrose). Chemotaxis was calcu- 
lated as the distance (um) traveled in response to the 
chemotactic factor minus the random migration. For 
each assay carried out, a control assay with normal neu- 
trophils was carried out under conditions identical in 
every respect. 


Prostaglandin Radioimmunoassay 


Specific antisera to 6-keto PGF,;, and TxB> were 
kindly obtained from Dr. B. B. Weksler, Cornell Univer- 
sity, NY. The specificities and cross-reactivity was pre- 
viously described.'* Incubation mixtures included 100 
uL of the radioactive prostaglandin ([{°H)]6-keto PGF,,, 
[(*H]TxB,, New England Nuclear Corp., Boston, MA), 
100 uL of test sample, and 400 uL of the antiserum at a 
dilution that bound 50% of the radioactivity in the ab- 
sence of a standard. All dilutions were made with 0.1 
mol/L PBS containing 0.1% bovine serum albumin. The 
tubes were incubated for 18 hours at 4 C. Antibody 
bound and free prostaglandin were separated by incuba- 
tion (10 minutes) with 200 uL of a dextran-coated char- 
coal suspension. After centrifugation at 3000 g for 15 
minutes, the radioactivity in the supernatant was deter- 
mined by scintillation counting.”” 


Statistical Analysis 


Data are presented as mean + 1 SEM. An analysis of 
variance (ANOVA) was used to determine significance 
between groups. When significant differences were 
found, a nonpaired t-test was used for differences be- 
tween the two groups. Intragroup comparisons were 
based on a paired t-test. Differences of less than 0.05 
were considered significant. 


Results 


Chemotaxis 


Data of chemotaxis of neutrophils obtained from the 
patients before and after operation is summarized in 
Table 1. No difference in random migration or chemo- 
taxis of neutrophils was found. 


TxB, and 6-Keto PGF,,, Production 


Preoperatively, the baseline level of TxB>, the degra- 
dation product of TxA;, in untreated plasma obtained 
from the patients was less than 100 pg/mL. After incu- 
bation of the plasma on a plastic dish for 2 hours it was 
361 + 81 pg/mL (Fig. 1). The neutrophils were washed 
in Hank’s solution, incubated on endothelial mono- 
layers or on an empty plastic dish for 2 hours, released 
less than 200 pg/mL TxB). Activated or inactivated 
plasma incubated on the endothelial monolayer or in an 
uncoated plastic dish released less than 400 pg/mL TxB, 
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after 2 hours. Neutrophils incubated with ZAP on the 
endothelial monolayer released 2153 + 371 pg/mL 
TxB, (p < 0.001) and on a plastic dish 1582 + 175 
pg/mL (p < 0.001). Incubation of the neutrophils with 
untreated plasma was followed by release of 1055 + 280 
pg/mL (p < 0.005), and incubation with 65 C inacti- 
vated plasma released only 764 + 126 pg/mL (p < 0.01). 
TxB, release on plastic dishes was not significantly dif- 
ferent from incubation on the endothelial cell mono- 
layer, implying that the major source of TxA, in this 
system was the neutrophils and not the bovine endothe- 
lial monolayer. Heating of the plasma to 65 C reduced 
(p < 0.05) but did not abolish TxB; release by the neu- 
trophils (Fig. 1). 

In the preoperative period the patients’ plasma level 
of 6-keto PGF,,, was less than 100 pg/mL. After 2 hours 
of incubation of the plasma on the endothelial mono- 
layer 6-keto PGF,, release was 474 + 148 pg/mL (Fig. 
2). Incubation of the endothelial cells with untreated 
plasma or ZAP increased 6-keto PGF, levels to 1308 
+ 315 pg/mL (p < 0.01) and 1305 + 348 pg/mL (p 
< 0.01), respectively. Heat inactivation of the plasma 
reduced 6-keto PGF,, levels to 597 pg/mL (p < 0.05). 
Addition of washed neutrophils or activated neutrophils 
obtained from the patients did not significantly alter 
6-keto PGF,,, production by the endothelial monolayer. 
Low 6-keto PGF;, levels were also observed when the 
neutrophils were incubated on plastic dishes even after 
ZAP or untreated plasma was added. This implies that 
the major source of 6-keto PGF, detected by this 
method was the endothelial cell monolayer. The neutro- 
phils did not add a significant amount of 6-keto PGF,,, 
to this system. 

Twenty-four hours after operation the patients’ 
plasma TxB, and 6-keto PGF;, were not significantly 
different from preoperative levels. Neutrophil TxB, pro- 
duction on the endothelial cell monolayer in response to 
ZAP was 1092 + 300 pg/mL, which was significantly 
lower than the preoperative response (p < 0.01) (Fig. 1). 
TxB, production in response to untreated plasma was 
381 + 120 pg/mL, and to heat inactivated plasma 259 
+ 62 pg/mL, levels that were also lower from those ob- 
served preoperatively (p < 0.01 and p < 0.05, respec- 
tively). Incubation of neutrophils on plastic dishes did 
not significantly alter TxB, production, which implies 
that the major source of TxB, in the postoperative pe- 
riod was also the neutrophils. 

Postoperatively, untreated plasma and ZAP led to a 
significantly lower release of 6-keto PGF, from the en- 
dothelial cell monolayer (p < 0.05 and p < 0.05, respec- 
tively); 65 C inactivation of plasma was also followed by 
reduced production of 6-keto PGF,,, but this was not 
statistically significant (Fig. 2). Incubation on a plastic 
dish was not associated with significant release of 6-keto 
PGF. from the neutrophils obtained in the postopera- 


POSTOPERATIVE TxB; AND PGI, PRODUCTION 8 | 


PRE OPERATIVE 


25 00 = preps ON: 
YA plastic 
2000 WICUBATION ON 


| endot. monolayer 


we, plastic 


TxB2 (pg/ml) 





NEUTR. NEUTR. NEUTR. NEUTR. ENDOT ZAP ZAP 
+ + + 65°C 
ZAP ZAP 65°C PLASMA 


Fic. 1. Preoperative and postoperative neutrophil TxB, production in 
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bated on endothelial monolayers or plastic dishes. 


tive period, which also implies that the major source of 
6-keto PGF,,, was the endothelial cell monolayer. 


Light and Scanning Electron Microscopy 


No difference between preoperative and postoperative 
neutrophil-induced endothelial damage could be de- 
tected on light microscopy at 2 hours. On scanning elec- 
tron microscopy it was noted that the human neutro- 
phils adhered to the surface of the bovine vascular endo- 
thelial cell monolayers. ZAP and untreated plasma 
increased the adhesion of the cells to the endothelium, 
whereas heat-inactivated plasma had little effect on the 
adhesion of the neutrophils to the endothelium. ZAP- 
treated and plasma-treated neutrophils from preopera- 
tive patients were capable of destroying the monolayers 
of endothelial cells. PMN-mediated cytotoxicity was re- 
lated to time of incubation and polymorphonuclear 
neutrophil (PMN) number. Maximal cytolysis was ob- 
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FIG. 2. Preoperative and postoperative endothelial 6-keto PGF, pro- 
duction in response to ZAP, untreated plasma, or 65 C inactivated 
plasma incubated with neutrophils on endothelial monolayers or plas- 
tic dishes. 
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tained with 10% ZAP treated 10’ neutrophils between 2 
and 4 hours of incubation. Neither ZAP nor PMN alone 
mediated significant cytotoxicity (Fig. 3A). The destruc- 
tion and cytolysis of the enothelial monolayer pro- 
gressed gradually. The activated neutrophils adhered to 
the monolayer as single cells or in small clumps (Fig. 3B) 
and then spread on and migrated through the interen- 
dothelial junctions (Fig. 3C). The endothelial cells then 
lost their closely packed cuboidal appearance and ac- 
quired fibroblastoid morphology. The space between the 
cells increased, many cells detached from the mono- 
layer, and the cell free surface areas on the culture dish 
increased (Fig. 3D). Endothelial destruction by neutro- 
phils in the postoperative period was markedly reduced 
(p < 0.01; Figs. 3E and 3F). Reduced endothelial dam- 
age observed in the postoperative period correlated posi- 
tively (p < 0.01) with the reduced rise in neutrophil 
TxB, and endothelial 6-keto PGF,,, production. No cor- 
relation was found with light microscopy. 


Discussion 


Employing cultured vascular endothelial cells as a 
target tissue to injury by activated complement-stimu- 
lated neutrophils we have developed a sensitive quanti- 
tative method for detection of neutrophil and plasma 
dysfunction. TxB production by neutrophils in re- 
sponse to activated or untreated patients’ plasma was 
significantly decreased following elective surgery, 
whereas chemotaxis of the patients’ neutrophils re- 
mained unchanged. This response correlated with find- 
ings on scanning electron microscopy but not light mi- 
croscopy. 

Several neutrophil functions such as chemotaxis,’ ad- 
herence,° bacterial killing ability,! migration, and che- 
miluminescence® have been used to demonstrate the de- 
velopment of reversible host-defense abnormalities fol- 
lowing severe trauma, sepsis, and extensive burn 
injuries. Cellular defects of leukocyte function were de- 
tected very early after the traumatic insult, i.e., within 2 
hours. Such alternations could be mediated via circulat- 
ing serum factors that influence mature neutrophils or 
could be related to a new inadequate population of neu- 
trophils. Serum from patients following trauma was 
found to reduce neutrophil chemotaxis, but the nature 
of the inhibitor was unclear. It could be de novo synthe- 
tized protein(s) or tissue breakdown product(s) released 
following injury or generated in response to trauma. 
Counterinhibitory factors were also described in normal 
human serum, which reversed the effect of neutrophil 
chemotactic inhibition found in serum of trauma pa- 
tients.° 

Impairment in chemotactic and chemokinetic prop- 
erties has been particularly demonstrated in seriously 
traumatized patients.’ This locomotory dysfunction was 
in part due to the rise in the number of less functional 
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immature neutrophils that occurred during the acute 
phase of trauma. Both mature and immature neutro- 
phils showed impaired locomotory response, but the 
immature neutrophils appeared to be more severely af- 
fected than the mature forms. The mechanism of the 
neutrophil abnormalities is unknown. In this study no 
difference in chemotaxis was demonstrated between 
preoperative and postoperative patients. This was prob- 
ably due to a lesser insult induced by elective surgical 
procedures compared to patients admitted with multiple 
trauma or severe burns.’ Measurement of TxB, produc- 
tion by the patient neutrophils was therefore a more 
sensitive tool to detect abnormalities in neutrophil 
activity. 

Bovine endothelial PGI, production was significantly 
increased when incubated with the patients’ plasma. 
This endothelial response was significantly reduced by 
incubation with plasma obtained postoperatively. It has 
been demonstrated that bovine aortic endothelium is 
also capable of synthetizing TxA2.”4 In our system no 
significant increase in TxB, production could be de- 
tected following incubation with the patients’ neutro- 
phils (Fig. 1). 

Lanser et al. showed that massive trauma results in 
the generation of a serum factor that suppresses neutro- 
phil chemiluminescence, and that it is present in greater 
amounts in patients who eventually become septic. This 
inhibitor appeared to be a protein or a protein cleavage 


product that could be partially removed by exchange 


transfusion. In our system a heat labile factor was de- 
tected in the patient’s plasma following moderate 
trauma of elective surgery, which decreased the produc- 
tion of 6-keto PGF;, by bovine endothelial cell mono- 
layers incubated with the patient’s plasma. The preoper- 
ative elevation in 6-keto PGF,, and the postoperative 
inhibition of rise in this 6-keto PGF,,, was already found 
2 hours after incubation when endothelial injury could 
be detected only by scanning electron microscopy but 
not by light microscopy. 

Introduction of a chemotaxin into the circulation 
causes margination and adherence of neutrophils to the 
vascular endothelium.** This leukoadhesion is transient; 
the neutrophils soon detach from the endothelium and 
exit the microcirculation by diapedesis.** TxA, is hy- 
pothesized to mediate the process of leukoadhesion. 
This effect may be direct or indirect; TxA -induced 
platelet activation may generate products that mediate 
neutrophil endothelial interactions.” Granulocytes that 
adhere to the endothelium are activated to secrete a 
substance that causes contraction of microcontractile 
elements of the endothelial cells and thus increase the 
size of intercellular gaps facilitating diapedesis of neu- 
trophils and increase microvascular permeability.7° It 
has been shown that cyclooxygenase inhibitors such as 
salicilates or thromboxane synthetase inhibitors such as 
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Fis. 3A-F. Cultured bovine vascular endothelial cell monolayer treated by ZAP (A) alone (original magnification, X600). (B) Human neutrophils 
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extensive damage and destruction of the endothelial cell monolayer (original magnification, X600). (D) Preoperative extensive damage with 
increased spaces between cells and cell destruction (original magnification, X3000). (E) Postoperatively, ZAP-activated neutrophils caused less 


damage and cytotoxicity to the endothelial monolayer (original magnification, X600). (F) Postoperative activated neutrophil-induced endothelial 
damage was significantly reduced compared to the preoperative period (original magnification, *3000). 
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imidazole prevent adhesion of neutrophils to nylon 
fibers.*’?* It may thus be postulated that TxB, release in 
the current study played a role in endothelial injury or 
alternatively served only as a marker of leukocyte stimu- 
lation and endothelial damage by a plasmatic factor. 

The experiments were carried out to determine the 
relationship between neutrophil-mediated endothelial 
damage detected by scanning electron microscopy and 
production of TxB, and 6-keto PGF,, by the neutro- 
phil-endothelial system. The results indicate that the 
amount of damage detected by scanning electron mi- 
croscopy could be correlated positively with 6-keto 
PGF,,, and TxB, production in the preoperative as well 
as the postoperative period. This system could therefore 
be used to detect changes in neutrophil and plasma dys- 
function. 

In the present study this assay has been used to detect 
neutrophil and plasma dysfunction in postoperative pa- 
tients. This method can also be utilized to identify early 
changes in neutrophils and plasma of patients following 
blunt trauma who are likely to develop sepsis.*° Im- 
paired neutrophil function has been demonstrated by 
skin tests but was not able to predict the development of 
sepsis because all high-risk patients were anergic but not 
all developed sepsis.*' Similarly, phagocytic cell func- 
tion as measured by leukocyte adherence and chemo- 
taxis was also altered in trauma patients, yet again not 
all became septic.*° Neutrophil production of TxB, and 
plasma-induced 6-keto PGF;,, production by bovine en- 
dothelial cells was more sensitive than chemotaxis in 
detecting neutrophil and plasma dysfunction. This 
method should therefore be tested in multiple trauma 
patients and in those in early sepsis in order to evaluate 
the specificity and sensitivity of this assay. 
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The Association of Central Retinal Artery Occlusion 
and Extracranial Carotid Artery Disease 





DANIEL J. DOUGLAS, M.D., JAMES J. SCHULER, M.D., DALE BUCHBINDER, M.D., BRUCE C. DILLON, M.D., 


To determine the incidence of associated carotid artery disease 
and the effect of carotid endarterectomy on subsequent neuro- 
logic sequelae, a retrospective study of 66 patients with central 
retinal artery occlusion (CRAO) was undertaken. Ipsilateral 
extracranial carotid artery disease was present in 23 of 33 


patients (70%) who had carotid arteriography. Sixteen patients — 


had carotid endarterectomy following their CRAO (Group D 
and 50 did not (Group II). Seven of the 40 patients available for 
follow-up in Group II had a subsequent stroke (mean follow- 
up: 54 months). Of the seven Group II patients shown to have 
associated carotid disease (Group IIs), three (43%) had a sub- 
sequent stroke during follow-up (mean: 28.3 months) com- 
pared to zero in Group I (p = 0.033; mean follow-up: 18.7 
months). Because of the strong association between CRAO and 
ipsilateral carotid artery disease and because of the signifi- 
cantly higher incidence of subsequent ipsilateral stroke in 
CRAO patients with carotid disease who did not undergo end- 
arterectomy, thorough evaluation of the carotid arteries fol- 
lowed by carotid endarterectomy, if indicated, is warranted in 
CRAO patients who have no other obvious etiology for the 


occlusion. 
S tic early funduscopic findings of central retinal 
artery occlusion (CRAQO) in a man with aortic 
valvular disease,’ the primary etiology of CRAO has 
remained poorly understood and controversial. Propo- 
nents of thrombosis as the primary etiologic factor cite 
low incidences of embolism in their reported series of 
patients with CRAO.** Others have observed that in 
some patients neurologic events including transient 
ischemic attacks (TIAs), amaurosis fugax, and cerebro- 
vascular accidents (CVAs) may occur prior to, concur- 
rent with, or subsequent to CRAO,*~ thus lending sup- 
port to embolism as one of the etiologic factors in 
CRAO. Recently, investigators have described an asso- 
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ciation between CRAO and extracranial carotid artery 
disease®* and have suggested that embolism from the 
carotid bifurcation is the principle etiology of CRAO. 
Although an association between ipsilateral carotid 
artery disease and CRAO has been realized, the need for 
carotid endarterectomy in CRAO patients with carotid 


disease is unknown. If these patients were to remain free „— 


of subsequent ipsilateral neurologic events, carotid end- 
arterectomy would be unnecessary. If, however, these 
patients were to develop a high incidence of subsequent 
ipsilateral hemispheric strokes and carotid endarterec- 
tomy could be shown to significantly reduce this inci- 
dence, then endarterectomy would be justified in these 
patients. 

To determine the incidence of ipsilateral extracranial 
carotid artery disease associated with CRAO and to de- 
termine what effect, if any, carotid endarterectomy has 
on subsequent neurologic events, a retrospective study 
of patients with CRAO seen at the authors’ institutions 
over the last 19 years was undertaken. 


Patients and Methods 


The charts of 66 patients with CRAO seen at the West 
Side Veterans Administration Hospital and the Univer- 
sity of Illinois Eye and Ear Infirmary between May 1955 
and September 1984 were reviewed. The mean age of 
the 66 patients was 60 years (range: 22-87 years). The 
median age was 61, and 75% of the patients were over 
the age of 50. Thirty-eight (58%) were male and 28 
(42%) were female. The average age of affected males 
was 60 years and the average age of affected females was 
59 years. The right eye was involved in 31 cases (47%), 


ah 
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TABLE 1. Etiology of Central Retinal Artery Occlusion 


Patients with adequate diagnostic evaluation 37 
Emboli 27 (73%) 
Carotid 23 
Heart 4 

Primary thrombosis 6 (16%) 
Secondary thrombosis 4 (11%) 


Ocular compression 2 

Acute increase in intraocular pressure I 

Sickle cell disease 

Thrombosis l 
Patients with inadequate diagnostic evaluation 29 


the left eye in 35 (53%), and there was no patient with 
bilateral CRAO. Hypertension was present in 64% of 
patients, diabetes mellitus in 15%, and 38% of patients 
gave a history of smoking. The onset of CRAO was 
accompanied by a sudden painless loss of monocular 
vision in all patients. Approximately 75% of the patients 
had either no light perception or only ligkt perception at 
the time of presentation. 

All cases of CRAO were verified by an ophthalmolo- 
gist and, in 50% of instances, documented by fluorescein 
retinal angiography. Funduscopic examination of these 
patients most often revealed a large round or oval area 
of fundal pallor, attenuated or thread-like retinal arter- 
ies, and the characteristic cherry red spot at the macula. 
These funduscopic findings, along with visual field test- 
ing, helped distinguish CRAO from branch retinal ar- 


__ tery occlusion in which the fundal pallor and visual field ‘ 
` deficit would be confined to the area of the retina sup- 


plied by the branch artery. In only one patient was em- 
bolic material visualized on funduscopic examination. 
Excluding those with an obvious etiology, patients 
were considered to have had an adequate diagnostic 
evaluation if they had carotid artery arteriography per- 
formed, if a cardiac murmur or arrythmia was investi- 
gated with echocardiography, and if temporal artery ten- 
derness associated with an elevated erythrocyte sedi- 
mentation rate was investigated with temporal artery 
biopsy. In addition, routine blood work including com- 
plete blood count, platelet count, and sickle cell prep as 
well as appropriate screening for vasculitis, when sus- 
pected, should have been performed (Table 1). 
Follow-up was obtained by patient examination, 
chart review, or telephone interview. For the purpose of 


TABLE 2, The Effect of Treatment on Return of Visual Acuity 


an cial Following Central Retinal Artery Occlusion 


N Fo 


Treatment for CRAO (orbital massage, carbonic 
anhydrase inhibitors, anterior chamber 


paracentesis) 21 — 
Improvement in vision 12 57 
Vision unchanged 9 43 


No treatment for CRAO 45 — 
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follow-up, the patients were divided into two groups. 
Group I consisted of 16 patients who had ipsilateral 
carotid artery endarterectomy following their CRAO. 
Group II was comprised of 50 patients who did not have 
endarterectomy following their CRAO. In order to spe- 
cifically assess the need for carotid endarterectomy in 
those patients with CRAO and associated carotid artery 
disease, the seven Group II patients who were shown by 
subsequent arteriography to have ipsilateral carotid dis- 
ease were selected out (Group IIs) and compared to 
Group I. Comparisons of subsequent ipsilateral neuro- 
logic sequelae were made using chi square analysis. 
Overall follow-up was available for 85% of the pa- 
tients with a mean follow-up of 44 months. All 16 pa- 
tients in Group I were available for follow-up, the mean 
length of which was 18.7 months. Follow-up was avail- 
able for 40 of the 50 Group II patients with a mean 
follow-up of 54 months (range: 3-233 months). 


Results 


Fourteen of the 66 patients (21%) had either preced- 
ing or synchronous neurologic events; however, two of 
the 14 patients had these on the side contralateral to the 
CRAO. Of the 12 patients who had preceding or syn- 
chronous ipsilateral neurologic events, amaurosis fugax 
was the most frequent prodromal event being present in 
five of the 12 patients (42%). Previous or concurrent 
ipsilateral CVAs were the next most common neuro- 
logic events being present in three patients each. Only 
one patient gave a history of an ipsilateral hemispheric 
TIA occurring prior to the CRAO. 

One-third of the patients received treatment for their 
CRAO; however, no patient returned to normal or pre- 
CRAO visual acuity. Treatment consisted of various 
combinations of orbital massage, carbonic anhydrase in- 
hibitors, inhalation of 95% oxygen and five% carbon 
dioxide, and anterior chamber paracentesis (Table 2). Of 
those patients who received treatment for CRAO, 57% 
were noted to have some improvement in visual acuity 
immediately following the treatment. 

Of the 37 patients who were thought to have had an 
adequate diagnostic evaluation, embolism was the sus- 
pected etiology in 27 (73%). Of these, the ipsilateral ex- 
tracranial carotid artery was thought to be the source of 
the embolus in 23 (85%) and the heart in four (15%). 
Secondary thrombosis of the central retinal artery was 
thought to be the etiology in four patients (11%). Of 
these four patients, two had CRAO secondary to exter- 
nal ocular compression, one had an acute increase in 
intraocular pressure following cataract extraction, and 
one patient with sickle cell disease had a CRAO during a 
sickle cell crisis. In six patients (16%) who were thought 
to have had an adequate diagnostic evaluation, an etiol- 
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ogy could not be found and CRAO was presumed to be 
due to primary thrombosis. 

Thirty-three of the 66 patients with CRAO had ca- 
rotid artery and aortic arch arteriography performed in 
the course of their diagnostic evaluation. Twenty-three 
of the 33 patients (70%) had ipsilateral atheromatous 
extracranial carotid artery disease, which was judged to 
have been the source of an embolus to the central retinal 
artery. Of the 16 Group I patients, two had complete 
occlusion of the internal carotid artery with ulcerated 
plaques in the external carotid artery and underwent 
external carotid artery endarterectomy. Nine patients 
had less than 50% stenosis of the internal carotid artery 
and seven of these patients had an ulcerated plaque. 
Four patients had less than 50% stenosis, two of whom 
had an ulcerated plaque. One patient had greater than 
90% stenosis of the internal carotid artery. Of the seven 
Group II patients with carotid bifurcation disease, two 
had complete occlusion of the internal carotid artery. 
Two patients had greater than 50% stenosis of the inter- 
nal carotid artery, and three patients had less than 50% 
stenosis with ulcerated plaques. 

No patient in Group I (carotid endarterectomy fol- 
lowing CRAO) had an ipsilateral hemispheric or retinal 
neurologic event during or subsequent to their carotid 
artery endarterectomy. Seven of the 40 patients (18%) in 
Group II (unoperated group) had a subsequent ipsilat- 
eral neurologic event, which was a cerebrovascular acci- 
dent in all cases. The mean time interval from CRAO to 
stroke in Group II was 22 months. Five of the seven 
strokes occurred within 12 months of the CRAO for a 
1-year subsequent stroke incidence of 13%. 

Of the 23 CRAO patients who were shown to have 
associated ipsilateral carotid artery disease, seven did 
not undergo endarterectomy. These seven patients were 
selected out of Group II (Group IHs) and compared to 
Group I in order to assess the need for carotid endarter- 
ectomy in CRAO patients with associated carotid dis- 
ease. These two groups were well matched in regard to 
the age and sex of the patients, the length of follow-up, 
the presence of associated hypertension and diabetes 
mellitus, and the presence of previous or synchronous 
ipsilateral neurologic events (Table 3). There were no 
statistically significant differences between the two 
proups in any of these categories. 

As previously mentioned, no patient in Group I had a 
subsequent ipsilateral neurologic event during follow- 
up, the mean length of which was 18.7 months. How- 
ever, three of the seven patients (43%) in Group IIs hada 
subsequent ipsilateral neurologic event during a mean 
follow-up of 28.3 months. This difference was statisti- 
cally significant by chi square analysis (p = 0.033). The 
subsequent neurologic events were CVAs in all in- 
stances. The mean time from CRAO to stroke was 6.3 
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TABLE 3. CRAO Patients with Associated Ipsilateral 








Carotid Artery Disease 
Group I Group Is 
N 16 7 
Mean age (years) 65.9 66.7 
M/F 13/3 4/3 
Mean follow-up (months) 18.7 28.3 
range 1-46 9-55 
Predisposing factors for arterial 
disease 
HTN 11 (69%) 5 (71%) 
DM 3 (19%) 1 (14%) 
SMO 12 (75%) 4 (57%) 
Previous or synchronous 
neurologic events 6 (38%) 2 (29%) 
Subsequent ipsilateral stroke Q* 3 (43%)* 
Mortality rate 0 1 (14%) 





* p = 0.033 by chi square. 


months and all three strokes occurred within 10 months 
of the CRAO. The comparison of stroke free interval as 
assessed by life table analysis for Groups I, II, and Is is 
illustrated in Figure 1. 

The mortality rate for CRAO patients with associated 
carotid disease was 4%, which represented one death 
from a myocardial infarction. The difference in mortal- 
ity rates between Group I and Group IIs was not statis- 
tically significant (p = 0.66). The overall mortality rate 
for all of the 56 CRAO patients available for follow-up 
was 11%, which represented six deaths. The cause of 
death was myocardial infarction in five patients and 
stroke in one. The mean age at the time of the CRAO 
was 60.7 years for those surviving and 67.2 years for 
those who died during the follow-up period. This age 
difference was not statistically different (p = 0.265). 


Discussion 


Many etiologies for CRAO have been described in the 
literature and can be divided into two broad categories: 
embolism and thrombosis. Sources of embolism to the 
central retinal artery include ulcerated plaque in the ca- 
rotid artery, innominate artery or aortic arch; iniracar- 
diac mural thrombus, valvular disease, or atrial myx- 
oma; air embolus, fat embolus or talc embolus as de- 
scribed in intravenous (I.V.) drug abusers; and 
embolism as a consequence of carotid angiography. 

Causes of thrombosis of the central retinal artery are 
many and include proximal vessel obstruction (e.g., ca- 
rotid, ophthalmic), vasculitis, elevated intraocular pres- 
sure or ocular compression, hemoglobinopathy, polycy- 
themia, thrombocytosis, or a hypercoagulable state as a 
consequence of cancer or pregnancy. 

Most investigators whose series of patients had arteri- 
ography agree that embolism from the ipsilateral carotid 
bifurcation is the principle etiologic factor.** Clearly, 
this is not the etiology in all patients. 


8& DOUGLAS AND OTHERS 


Ann. Surg. * July 1988 


SUBSEQUENT STROKE IN CRAO 


100 






NSn 5 a u C ‘3 309 5 5 "3°43 a A o & A @ t o LEGEND 
Po 2 00 0 000 6 0 8 o 0 
aN 
s0 035 ~ 
\ a E EEEREN EN EET , , 
\ „05 32 31 31 30 25 24 23 2) 21 20 19 1A Ba o GROUP 
; (05 .05 .08 .05 .05 .05 .05 .05 .05 05 .05 .05 `a m m m = m mmi e 
a aa\ ove oD N OA 
\ SURED UER a st tac GROUP II 
0 
t \ 
70 s} ‘-- La.. GROUP 118 
17 be 
tJ 90 
Ci -17 
C A 
h. on A EEE ete be See a TOEG eee ee ee ee ee fee eee 
8 3 3 2 i i i 1 1 1 1 1 j 1 
ko 5 2.2 2 2 2 12 2.2 2 2 2.2 .2 .2 
C 
= 
Eo ao 
x 


10 





O $ © Q 12 13 18 21 24 27 30 38 XO 38 42 45 48 51 54 57 GO 63 68 60 72 


MONTHS 
FIG. 1. A comparison of stroke free interval for CRAO patients as assessed by life table analysis. 


“he acHence of cardiac valvular disease associated 
tifa CEAQ varies from 7% to 25%.°” Sixteen patients in 
ii: zev [«-w had echocardiography performed as part of 
Ee- dizzn stic evaluation. Seven patients (11% of all 
catents vithout CRAO) were found to have associated 
=rdmec ~al-ular disease, which included mitral valve 
moapse n one patient, combined mitral valve prolapse 
r-<Lsortic imsufficiency in one patient, mitral stenosis in 
= pa-ents, and aortic stenosis in one patient. Only 
ear of tse seven patients had a complete workup in- 
‘amg <arctid arteriography. The other three patients 
ial aot save arteriography and, therefore, a carotid 
carr oan embolus in these patients cannot be ruled 
t acth =rtainty. 

Fer patients in the current study had secondary 
rombo of the central retinal artery as a result of 
Actezsec intraocular pressure, ocular compression, 
= bitd trauma, or hemoglobinopathy. It is probable 
az. £22 sk petients for whom no etiology for the CRAO 
srbe wund represented primary thrombosis of the 
eral refa artery. 

Yzeruli B as a cause of CRAO has been reported with 
r =cderee sf 0-11%.56%!0 No patient in our review 


was found to have vasculitis. Eleven patients had ele- 
vated erythrocyte sedimentation rates. Two of these pa- 
tients underwent temporal artery biopsies, which were 
negative in both instances. 

The ipsilateral carotid artery as a source of embolism 
to the central retinal artery has not always been viewed 
as the primary etiology of CRAO. One reason for this 
controversy is that the association of CRAO and ipsilat- 
eral extracranial carotid artery disease has been var- 
iously reported to be between 11% and 100%.*? The 
articles reporting the lower incidences of carotid disease 
were mostly earlier series in which the diagnosis was 
based on nonarteriographic evaluation. More recently, 
carotid arteriography has been utilized more liberally in 
the evaluation of patients with CRAO, and these reports 
show an incidence of associated carotid disease between 
67% and 100%.° Still, the numbers of patients in these 
series who underwent arteriography is relatively small. 
In the authors’ experience, there were 33 patients who 
were subjected to carotid arteriography, which repre- 
sents the largest such series. Seventy per cent of these 
patients had carotid disease ipsilateral to the CRAO, the 
extent of which ranged from small ulcerated plaques to 
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Fic. 2. A life table analysis of the cummulative survival rates of CRAO patients compared to an age- and sex-matched population of the United 


States. 


complete occlusion of the internal carotid artery. This 1s 
very similar to the 70-75% incidence of atheromatous 
carotid artery disease found in patients being evaluated 
for signs and symptoms of ischemic cerebrovascular 
disease. !!:!2 

Those patients who had arteriography did not repre- 
sent a preselected group based on the presence of a ca- 
rotid bruit or a history of neurologic events. In 49 of 66 
patients the presence or absence of a carotid bruit was 
recorded in the initial history and physical examination. 
For those patients who had an arteriogram performed, a 
bruit was present in five of 29 patients (17%). In the 
group of patients who did not have arteriography per- 
formed, a bruit was present in five of 20 patients (20%). 
Similarly, previous and/or synchronous neurologic 
events were present in seven of 33 patients who received 
arteriography and five of 33 patients who did not. In 
neither of these instances were the differences significant 
by chi square analysis (p > 0.05). Thus, the 70% figure 
found in this series is most likely a true reflection of the 
incidence of ipsilateral carotid disease found in patients 
with CRAO. 


Management of the patient with CRAO not only de- 
pends on the underlying etiology, but also on the natural 
history of the disease process if left untreated. The natu- 
ral history of untreated patients with CRAO in this 
study is not unlike that of untreated patients with hemi- 
spheric transient ischemic attacks. The incidence of 
subsequent stroke in patients who present with TIAs 1s 
reported to be from 7% to 62% in follow-up ranging 
from a mean of 27.4 months to 15 years." However, 
the problem with many TIA natural history studies is 
that the incidence of associated carotid disease is un- 
known. Also, whether or not the subsequent strokes 
occur ipsilateral or contralateral to the TIA is ozten not 
clearly stated. 

In this review, seven of the 40 untreated (Group II) 
patients available for follow-up had a subsequent ipsilat- 
eral stroke, and five of these seven strokes cccurred 
within 12 months of the CRAO. Unfortunately, three of 
the seven patients were not studied arteriographically 
during the initial evaluation of their CRAO. Four of 
these seven patients did, however, have arteriography as 
part of their diagnostic CRAO evaluation. Of these, 
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CE had -psilateral carotid artery discase. The fourth 
padert aac a normal arteriogram but was found to have 
ara sensis and atrial fibrillation. 

Stl, isis probably not a true reflection of the natu- 
“ai 1=0-y cf untreated patients with CFAO because 16 
wars with known ipsilateral carotid disease had ca- 
robcsencartrectomy. It is probable that she incidence of 
=ib ecuent ipsilateral stroke would have been much 
Secor ied tiese 16 Group I patients not aad endarterec- 
WL 

"Aten zormparing only those CRAO petients with as- 
„meted Dsiateral carotid artery disease, the difference 
a 1la=i1cxlence of subsequent ipsilateral stroke between 
Feet ard untreated patients is more string. Three of 
te en Group IIs patients who were known to have 
a etedipslateral carotid disease had a stroke during 
1 a-u period averaging 28.3 months and all three 
X hase srokes occurred within 10 months of the 
Eag A‘thcugh these numbers are smell, the differ- 
211523 11 susequent stroke rate were statis<ically signifi- 
ELT 

Tæ scrculetive survival rates of all CEAO patients 
naan fer follow-up in this review were zompared to 
hac x En agz- and sex-matched population of the 
Jntec Safes py means of life table analys.s and found 
o Le Sxiler (Fig. 2).!8 This similarity in survival has 
ilsx ==. nctec. between patients with TIAs and an age- 
mnd sra arhed population.!?-!> Similarly, myocardial 
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infarction has been reported as the most frequent cause 
of death in patients with TIAs, followed by stroke.’*!*!’ 
This was also the finding in this series. 

Based upon the findings of our review, we have insti- 
tuted a protocol for the diagnostic evaluation of patients 
who present with CRAO. This is illustrated in the algo- 
rithm presented in Figure 3. Because of the relatively 
high incidence of associated cardiac valvular and carotid 
artery disease found in this review, we recommend thor- 
ough evaluation of the cardiac and carotid artery system 
in patients who present with CRAO who have no other 
obvious etiology for the occlusion. Also, because of the 
significantly higher incidence of subsequent ipsilateral 
stroke in CRAO patients with carotid disease who did 
not under endarterectomy, we recommend carotid end- 
arterectomy in those CRAO patients who are found to 
have associated carotid artery disease. 
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Can Clinical Evaluation and Noninvasive Testing 
Substitute for Arteriography in the Evaluation of 


Carotid Artery Disease? 





WESLEY S. MOORE, M.D., STANLEY ZIOMEK, M.D., WILLIAM J. QUINONES-BALDRICH, M.D., 
HERBERT I. MACHLEDER, M.D., RONALD W. BUSUTTIL, M.D., PH.D., and J. DENNIS BAKER, M.D. 


The objective of this study was to prospectively assess the 
value of combining clinical assessment and noninvasive testing 
in predicting the spectrum of carotid bifurcation pathology, as 
subsequently proven by arteriography, in order to determine 
the safety and accuracy of performing carotid endarterectomy 
without angiography. A panel of eight specialists representing 
vascular surgery, neurology, and neurosurgery were presented 
with the history, physical findings, and noninvasive test results 
(GEE-OPG and duplex scan) of 85 patients. They were asked 
to make an anatomic prediction of the status of each carotid 
artery (170 arteries) as to whether the bifurcation was normal, 
ulcerated, had a hemodynamically significant stenosis, or was 


. occluded. The predictions were then prospectively evaluated 


and correlated with angiographic findings; 159 of 170 (93.5%) 
carotid arteries were accurately characterized; 73 of 80 (91%) 
symptomatic carotid arteries and 86 of 90 (95.5%) asympto- 
matic arteries were correctly characterized; 61 of 61 (100%) 
stenoses of hemodynamic significance, nine of 14 (64.3%) ul- 
cerations without stenosis, and 18 of 18 (100%) of total occlu- 
sions were accurately identified by the panel. Twenty-nine pa- 
tients have subsequently had 32 carotid endarterectomies 
without angiography, and the predicted lesion was confirmed at 
the time of exploration. The combination of clinical assessment 
and noninvasive testing, particularly duplex scanning, when 
performed in a laboratory with validated accuracy may with 
defined qualification be safely used as a substitute for contrast 
angiography. 


DVANCES IN TECHNOLOGY for noninvasive ex- 
A amination of the carotid bifurcation has led to 

increasing accuracy in evaluating the percent- 
age compromise of the lumen by an atherosclerotic 
plaque as well as the assessment of plaque topography 
and consistency. Although there are many retrospective 
reports documenting the accuracy of noninvasive tests 
in sorting out the hemodynamically important from the 
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unimportant lesion when compared to arteriography, 
there have been no prospective studies that have as- 
sessed the accuracy of clinical evaluation of patients 
with carotid artery disease when noninvasive testing re- 
sults are added to the data base of history and physical 
examination. The objective of this study was to prospec- 
tively evaluate the ability of a group of clinicians to 
accurately predict the status of each carotid bifurcation 
in a group of patients by providing them with a compos- 
ite data base consisting of history, physical examination, 
and noninvasive assessment. The accuracy of their pro- 
spective prediction capability is then assessed in com- 
parison to the actual angiographic results. Finally, re- 
sults are presented for a select group of patients who 
had carotid endarterectomy without preoperative angi- 


ography. 


Materials and Methods 


A panel of eight clinicians consisting of five vascular 
surgeons, two neurologists, and one neurologic surgeon, 
was assembled. Each individual was asked to assess the 
individual data base of 85 consecutive patients and to 
make a prediction for the anatomic or pathologic status 
for each of 170 carotid bifurcations. The options in- 
cluded normal artery, ulcerated plaque without hemo- 
dynamic compromise, a hemodynamically significant 
stenosis, or total occlusion of the internal carotid artery. 
Each clinician was asked to make this choice following 
review of the patient’s history, physical findings, and 
results of noninvasive testing with GEE-OPG and du- 
plex scanning using a Diasonics scanner (DRF-400PY). 
A disinterested individual, blinded to the results of the 
panel’s statements, reviewed the angiograms of 170 ca- 
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TALE 1. Comparison of OPG and Duplex Scan with Respect 
to Angiographic Findings 


Duplex Scan Duplex Scan 
OPG Stenosis Occlusion 

(%) (%) (%) 
Sensitivity 42.4 98.4 100 
Soecificcy 94.9 93.4 100 
Fals=-pcsitive 12.5 9 0 
F slss-nesative 34 1 0 
Cverall accuracy 70.8 95.4 100 
P.«scive Dredictive value 87.5 90.9 100 
Negative predictive value 66 98.8 100 


rctid b furcations in the 85 patients to establish their 
ara .omic/pathologic status. 

If six or more of the eight clinicians accurately pre- 
dizted the anatomic/pathologic status of a given carotid 
bicu-cation, as judged by comparison with the angio- 
zra phic findings, then this was considered a correct clin- 
ical diagnosis. If less than six clinicians correctly identi- 
je -he anatomic/pathologic status, it was judged incor- 
‘ect n tne final analysis. 

Tte c:inical data for each of the 85 patients included 
igé, 3ex, the presence or absence of focal monocular or 
1em-spreric symptoms, or nonfocal symptoms. The 
oresance or absence of risk factors including tobacco 
ase. Aypertension, diabetes mellitus, hyperlipidemia, 
~OrDiary artery disease, and peripheral vascular disease 
was moted. Physical findings included blood pressure, 
=atis of peripheral pulses, presence or absence of ca- 
otO brat, and any abnormal findings on neurologic 
xan nawon. 

The ncninvasive data included the actual ophthalmic 
xtecy pressures and ophthalmic to brachial pressure 
ratie es measured with the GEE-OPG and a description 
y tae duplex scan results including the findings with 
B-mode ultrasound and spectral analvsis. 


Results 


Angiographic assessment of 170 carotid bifurcations 
‘eveled ti hemodynamically significant stenoses in- 
vClvm:z the internal carotid artery (50-99.9%) and 18 
o.al-y occluded internal carotid arteries; 14 carotid bi- 
u-cétions were found to have definite angiographic evi- 
leac: af u ceration associated with a low profile plaque; 
"7 cacctid bifurcations were pathologically insignificant. 
"a-he-lagic insignificance is defined as a minimal plaque 
#i-hcu: vi.ible ulceration or a normal appearing artery 
“yar2Der phic criteria. 


Ne2rcll_ Accuracy 


Cignaty czrotid bifurcations had associated focal neu- 
Olog-c symptoms and 90 carotid bifurcations were 
dec -o te totally asymptomatic. Using the data base 
“om cke patient’s history and physical examination 
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alone, the anatomic/pathologic diagnosis of the status of 
the carotid bifurcation was accurately assessed in 111 of 
170 arteries (65.3%). However, when the information 
from noninvasive testing including the GEE-OPG and 
duplex scan data were added to the data base, correct 
assessment of the status of the carotid bifurcation by the 
panel was increased to 159 of 170 (93.5%). 


Diagnostic Accuracy by Symptomatic Status 


History, physical examination, and noninvasive data 
enabled the panel to accurately identify and characterize 
the status of the carotid bifurcation in 28 of 31 (90.3%) 
carotid bifurcations in patients with hemispheric TIAs, 
23 of 23 (100%) arteries associated with amaurosis 
fugax, ten of 12 (83.3%) arteries associated with prior 
stroke, 12 of 14 (85.7%) arteries in patients with global 
ischemic symptoms, and 86 of 90 (95.5%) carotid bifur- 
cations that were asymptomatic. 

The overall accuracy in determining the status of ca- 
rotid bifurcations that generated symptoms was 73 of 80 
(91.3%). When the symptomatic carotid bifurcation was 
associated with a hemodynamically significant stenosis, 
as judged by noninvasive testing, the panel correctly 
identified 62 of 65 (95.4%), and when the symptomatic 
carotid bifurcation had a hemodynamically insignifi- 
cant stenosis, the panel identified 11 of 15 (73.3%). 

The overall accuracy of the panel in assessing the 
asymptomatic carotid bifurcation was 86 of 90 (95.5%). 
When the asymptomatic carotid bifurcation had an ab- 
normal noninvasive test, 26 of 30 (86.7%) were correctly 
identified by the panel. When the asymptomatic carotid 
bifurcation had normal noninvasive testing, 60 of 60 
(100%) were accurately characterized by the panel. 


Accuracy by Anatomic/Pathologic Status 


The panel correctly identified all 61 carotid arteries 
with angiographically proven, hemodynamically signifi- 
cant lesions (100%). There were 18 totally occluded in- 
ternal carotid arteries proven by angiography, and all 18 
were correctly predicted by the panel (100%). The panel 
identified 72 of 77 (93.5%) anatomically insignificant 
lesions of the carotid bifurcation. However, only nine of 
14 (64.3%) ulcerated lesions in low profile plaques were 
correctly predicted by the panel. 


The Accuracy of Noninvasive Studies 


Although it was not the specific intent to validate the 
tests performed in the vascular laboratory in this study, 
the data are available and may be helpful in evaluating 
the results. 

Table ! compares OPG and duplex scan with respect 
to sensitivity, specificity, false-positive, false-negative, 
overall accuracy, positive predictive value; and negative 
predictive value in differentiating the hemodynamically 
significant from the hemodynamically insignificant le- 
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sion. Finally, the table identifies these parameters with 
respect to the duplex scan’s ability to recognize a totally 
occluded internal carotid artery. 


Carotid Endarterectomy Without Angiography 


Because of the results of the prospective evaluation, 
we decided to undertake a limited trial of carotid endar- 
terectomy without angiography in selected cases. In the 
24-month interval from October 1985, to October 1987, 
32 carotid endarterectomies were performed in 29 pa- 
tients. During that same time interval, 230 carotid en- 
darterectomies were performed at the UCLA Medical 
Center. Thus, the 32 operations without angiography 
represented 14% of the total experience. 

The patients ranged in age from 48 to 85 years (mean: 
63 years). Ten operations were performed for hemisphe- 
ric transient ischemic attacks, 14 operations for asymp- 
tomatic high grade stenosis (>80%), four operations for 
amaurosis fugax, two operations for prior stroke with 
resolution, and two operations for acute stroke. Hemi- 
spheric transient ischemic events and amaurosis fugax 
constituted the indication for operation in 44% of the 
cases, asymptomatic, high grade stenosis (>80%) ac- 
counted for 44% of the operations, and cerebral infarc- 
tion was the indication for surgery in 12%. 

In reviewing the reasons for proceeding with opera- 
tion without angiography, five specific indications were 
identified. These are as follows: (1) renal insufficiency in 
four patients; (2) surgeon’s preference in 14 patients; (3) 
allergy to iodinated contrast material in three patients; 
(4) the need for emergency operation in four patients; 
and (5) the need for concurrent operation in another 
anatomic region in four patients. 


At the time of operation the operative findings con- - 


firmed findings by duplex scanning with respect to high 
grade stenosis in all 32 cases. Following carotid endar- 
terectomy, a completion angiogram was performed to 
assess the technical result of operation and to view the 
intracranial circulation. In no instance were any addi- 
tional angiographic findings noted that would have al- 
tered the decision to perform carotid endarterectomy. 

There were no deaths or postoperative strokes. Total 
hospital stay ranged from 3 to 6 days with an average 
stay of 4 days for the entire group. 


Discussion 


There is no question that the anatomic/pathologic 
definition of the extracranial and intracranial circula- 
tion, as provided by contrast angiography, would be de- 
sirable data to obtain in all patients with cerebrovascular 
disease, provided that the data could be obtained with- 
out significant risk or that the benefits of information 
outweigh the risks of obtaining the information. In spite 
of the fact that contrast angiography has become safer 
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through the years, it still carries a significant risk of neu- 
rologic morbidity and mortality rates, often rivaling the 
risk of surgery itself. Mortality rates of 0.5% and major 
neurologic complications from angiography of up to 
2.6% are currently documented.*"° In a recent prospec- 
tive study of 1517 angiograms, the neurologic complica- 
tion rate for patients who were referred for evaluation of 
cerebrovascular disease was 4.2%. The fixed stroke rate 
was 0.6% and the mortality rate was 0.06%.'° These 
complication rates are similar to those reported from 
carotid endarterectomy performed in centers of excel- 
lence. It is not surprising that these complications occur, 
particularly with selective catheter angiography in pa- 
tients with carotid bifurcation disease. The “jet” effect 
of the contrast stream emerging from the catheter tip in 
proximity to a fragile atheromatous plaque can act like a 
water pick in fragmenting a lesion resulting in cerebral 
emboli. This mechanism and the potential thromboem- 
bolic complications from the catheter itself and contrast 
reaction make it even more surprising that complication 


rates from angiography are as low as they are. 


Noninvasive testing, particularly the combination of 
real-time imaging together with spectral analysis (duplex 
scanning) has revolutionized the diagnostic approach to 
a carotid bifurcation disease.”*!!-" Although contrast 
angiography used to be considered the diagnostic gold 
standard, a recent-report by Goodson et al.'* suggests 
that duplex scanning may be more accurate than angi- 
ography in defining lesions at the carotid bifurcation. 
Using the actual surgical specimen as the gold standard 
of comparison, the sensitivity of duplex scanning in as- 
sessing percentage stenosis was 99% compared with 91% 
for angiography. The accuracy of identifying intimal 
surface abnormality with duplex scan was 92% com- 
pared with 64% for angiography. Ulceration identified at 
operation was accurately anticipated 90% of the time 
with duplex scanning but only 54% of the time by con- 
trast angiography. It is clear that duplex scanning can at 
least equal if not surpass angiography in defining per- 
centage of stenosis and surface topography. Finally, 
there is one area that B-mode imaging can characterize 
that is unique to that modality. B-mode can identify the 
consistency of the plaque itself, hard versus soft, and the 
possibility of intraplaque hemorrhage.'*!® These fea- 
tures may be the most important prognostic indicators 
of the future behavior of a given carotid bifurcation le- 
sion. What types of information can angiography pro- 
vide that is unavailable by noninvasive measurement? 
Angiography will document anatomic variation, occlu- 
sive disease of the arch vessels, intracranial occlusive 
disease, intracranial aneurysm, and tumors. How fre- 
quent (important) are those abnormalities and how will 
they affect or alter clinical and treatment decisions? 
With the advent of CT and MRI scanning, the unrecog- 
nized finding of a brain tumor by angiography is no 
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ynger relevant. Occlusive disease >f the arch vessels ac- 
ounts for 6% of arterial pathology and should be antici- 
ated by careful physical assessment. Intracranial occlu- 
ive disease is rare and when present concomitant with 
arotid bifurcation disease in symptomatic patients will 
sually not alter the decision to >roceed with carotid 
ndarterectomy. Two recent repcrts studying patients 
ith such tandem lesions have failed to impart any 
rognostic significance to the cerotid siphon. steno- 
s.)718 A retrospective review by Eicotta et al.'? of 111 
atients in whom both angiograpric and noninvasive 
ata were available concluded tha: angiography added 
othing to the clinical and noninvasive examination in 
ver two-thirds of their patients wih transient ischemic 
ttacks or asymptomatic stenoses. The exception they 
lentified were patients undergoing evaluation for non- 
emispheric symptoms.’ 

This prospective study has demonstrated that a panel 
feight experienced clinicians prov ded with a good his- 
ry, physical examination, and noninvasive data had 
n overall accuracy in characterizing 170 carotid bifur- 
ations in 85 patients of 93.5%. The panel was 100% 
ccurate in identifying hemodynzmically significant 
enoses and 100% accurate in recoznizing the 18 inter- 
al carotid arteries that were totally occluded. 

What are the risks of basing a surgical decision on 
inical and duplex scan data? The major risk rests with 
1e accuracy of the vascular laboratory. Duplex scan- 
ing is a highly complex, techniciaw-dependent exami- 
ation. Before any surgeon decide: to operate on the 
asis of duplex scan information, “he accuracy of the 
boratory must be carefully and scientifically estab- 
shed. 

The possibility of operation without angiography, 
sing noninvasive data alone, was iritially suggested by 
on Reutern et al. Blackshear and Connar presented 
eir experience with four patients v'ho were allergic to 
yntrast media and had five carotid bifurcation opera- 
ons using ultrasonic imaging.”! Crew et al. reporting a 
ymbined experience from two insvitutions, described 
} patients successfully undergoing operation without 
igiography.*” Additional reports have supported this 
‘actice,*>*4 
ver a 24~month interval. Based upon the collective ex- 
‘rience, a limited trial of this approach appears to be 
arranted, providing that the labomtory’s credentials 
e well established, the clinical criteria are appropriate, 
CT scan is performed, and noninvésive imaging, pref- 
ably by duplex scanning, demonstrates an appropriate 
sion. 
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The Effects of Complement Activation During 


Cardiopulmonary Bypass 


Attenuation by Hypothermia, Heparin, and Hemodilution 





FRANCIS D. MOORE, JR., M.D., KENNETH G. WARNER, M.D., SAMAR ASSOUSA, B.A., 


Complement activation was examined prospectively in 100 car- 
diopulmonary bypass (CPB) patients. Plasma C3a desArg 
(C3a) increased (cannulation: 234 + 33 ng/mL; 20 minutes on 
CPB: 622 + 51; 2 hours after CPB: 1143 + 109, p < 0.0001). 
C3a at 2 hours was higher in the 13 patients requiring me- 
chanical ventilation for longer than 1 day (1023 + 274) than in 
the 67 without respiratory complication (568 + 45, p < 0.004). 
Five more patients were studied for neutrophil activation to 
confirm that a biologic effect of complement activation occurs 
during CPB; in these five patients C3a increased to 317% of 
baseline after 10 minutes on CPB with a corresponding rise in 
neutrophil cell surface receptors for the complement opsonin 
C3b (as measured by indirect immunofluorescence) to 168% (p 
< 0.05). Both increases were sustained at 30 minutes. Temper- 
ature, dilution, and heparin were studied as variables relevant 
to CPB. Exposure of normal neutrophils to C5a in vitro caused 
an increase in C3b receptors which was dependent on tempera- 
ture (0 specific fluorescence at 0 C, 30 at 25 C, 180 at 30 C, and 
275 at 37 C). Generation of C3a and CSa in normal serum by 
zymosan was also temperature-dependent (ng/mL CSa gener- 
ated: 0.7 at 25 C, 200 at 30 C, and 897 at 37 C; ng/mL C3a 
generated: 546 at 25 C, 10872 at 30 C, and 65,667 at 37 C). 
Serum dilution to 33% decreased ng/mL CSa generated in the 
same system from 200 to 76 with no effect on C3a. Addition of 
heparin to 20 U/mL decreased ng/mL C3a generated from 
10872 to 913 and CSa from 200 to 8. Thus, hypothermia, 
dilution, and heparin protect CPB patients from complement 
activation by reducing both generation of C3a/CSa and the 
subsequent cellular response of neutrophil activation. 


tracorporeal perfusion has been reported in hemo- 


| NJURY DUE TO THE COMPLEMENT activation of ex- 
dialysis’ with similar subsequent observations 
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made for cardiopulmonary bypass (CPB).?? Suspicion 


of such injury originated with the description of a syn- 
drome of hypoxemia and neutropenia accompanying 
hemodialysis, which was explained by the formation of 
neutrophil aggregates during dialysis, leading to pulmo- 
nary microembolism.* As neutrophil aggregation could 
be produced experimentally by exposing neutrophils to 
complement activation products (C5a),° the rise in 
plasma levels of complement activation products (C3a 
desArg) for patients undergoing dialysis implicated 
complement activation as the first step in the mecha- 
nism of pulmonary injury.® Because both the comple- 
ment activation and the clinical syndrome decreased 
with subsequent reuse of the same membrane and var- 
ied according to membrane composition,’ the dialysis 
membrane appeared to be the source of complement 
activation. The report that neutrophil activation accom- 
panied the complement activation (as shown by an in- 
crease in neutrophil cell surface complement receptors) 
strengthened the hypothesis that systemic complement 
activation due to dialysis might cause harm mediated by 
neutrophils. | 

Despite the similarities between dialysis membranes 
and pump oxygenators, the complement activation as- 
sociated with CPB may not be comparable to that asso- 
ciated with dialysis. Elevations of plasma C3a occurring 
after onset of bypass were expected and have been re- 
ported,” but it has been more difficult to attribute 
harmful clinical effects to this complement activation 
and to therefore attach any biologic significance to the 
phenomenon.’ This is in part due to the lack of the 
patient as his own control, which is available for hemo- 


a, Se eee 
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zals vith repeated uses of the same membrane. The 
=r patients are also considerably more complex in 
_—2ir ~aniety of acute organ dysfunctions, making as- 
cenaea ofa particular effect to complement activation 
#.on* aficult. Finally, as the pulmonary circulation is 
excltd=d during bypass, any neutrophil aggregates that 
Eom a- deposit in peripheral capillary beds without 
isig any measurable adverse effects. 

Tie problem of complement activation associated 
xih zx opulmonary bypass has been assessed by ex- 
aminta € large number of patients in detail for clinical 
cct =ac a possibly relevant variable (type of oxygena- 
for. a arall additional group was examined to deter- 
tome i—echer there was measurable neutrophil activa- 
te- dx bypass to confirm the biologic relevance of 
ca prent activation in this setting. Finally, both neu- 
tx chit =rd serum in vitro were examined to describe 
Wat wer variables might affect complement activa- 
tice in me setting of CPB. Complement activation 
oers a rng CPB and patients with respiratory com- 
pitic kave greater degrees of complement activa- 
tie 1 thr- those without respiratory complications. Sec- 
ordz, <= complement activation of CPB is associated 
WE a d=rmble cellular abnormality, neutrophil activa- 


tic Fater, hypothermia in the clinically utilized ` 


ran= sicztentially reduces the response of neutrophils 
to =mps ant activation products as well as the com- 
ple=-n =ct vation itself. Finally, heparin and dilution 
alsz æa e complement activation in vitro and may 
cor bute te a relative deficiency in complement acti- 
vate- tı was observed in some intraoperative serum 
sams. Tas, although cardiopulmonary bypass may 
zaw he- f1l complement activation, the conditions 
zus emar ~ employed during bypass protect the pa- 
Herm: ror tke harmful sequelae of complement activa- 
ton 


Methods 


Fati z5 
Onz htxcred cardiac surgical patients at the West 
Koxketcy T=terans Administration Hospital were pro- 
spect -ly =.adomized to receive CPB utilizing either a 
Eent-c= B »-14F bubble oxygenator (American Bentley, 
I-yin= 74. t5) patients) or a Terumo CAP10X-2 hol- 
ow { =r +irpropylene) membrane oxygenator (Ter- 
amo Cxrpc-xat on, Piscataway, NJ) (50 patients). Data 
4- th= ore erative, intraoperative, and postoperative 
ceaurs= rf 100 randomized patients was collected 
PoDSp=—iv=.-, including continuous temperature re- 
covdirgz Tiket-vo groups were similar in mean age (58.5 
years vcr = ao0le group; 57.94 + 1.19 years [mean 
i SEM] fo-—aembrane patients vs. 59.06 + 1.26 years 
fø- bute tezients, NS), male predominance (one fe- 
tae ixncrgcup), number of coronary artery revascu- 
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larizations (34 in each group), number of valvular re- 
placements (ten in membrane patients, nine in bubble 
patients), and number of combined coronary revascu- 
Jarizations and valve replacement procedures (six in 
membrane patients, seven in bubble patients). Also sim- 
ilar was the mean total pump run (145.13 minutes for 
whole group; 150.02 + 7.58 minutes for membrane pa- 
tients vs. 140.24 + 10.11 minutes for bubble patients, 
NS), and mean total cross-clamp time (64.09 minutes 
for whole group; 67.43 + 5.1 minutes for whole group 
ys. 60.74 + 5.31 minutes for bubble patients, NS). 

Five subsequent patients were analyzed, all male, one 
with an uncomplicated valvular replacement and four 
with uncomplicated coronary: artery revascularization. 
The bubble oxygenator was used for CPB in all of these 
patients. ee e 

This study received the approval of the Institutional 
Review Board at the West Roxbury Veterans Adminis- 
tration Hospital. 


Conduct of Cardiopulmonary Bypass 


Anesthesia was induced with fentanyl and succinyl- 
choline and maintained with fentanyl, D-tubocurare, 
and halothane. The pump was primed with 2000 mL 
Ringer’s lactate and 500 mL whole blood was with- 
drawn from the patient (American McGaw blood set 
V2410) to be readministered during weaning. The heart 
was exposed through a median sternotomy, hepariniza- 
tion begun, and CPB instituted. Sodium heparin (por- 
cine intestinal, Elkins-Sinn, Inc., Cherry Hill, NJ) 400 
U/kg was administered intravenously prior to cardio- 
pulmonary bypass to produce an activated clotting time 
of greater than 480 seconds. The activated clotting time 
was maintained at that level by monitoring and admin- 
istering additional doses of heparin as needed every 
20-30 minutes. Patients were then systemically cooled 
to 25 C and surgery performed under cardioplegic con- 
ditions as previously described.'® Blood in the pericar- 
dial sac was returned to the pump through a Bentley 
Q220 cardiotomy reservoir. After cross-clamp release, 
rewarming was started. Weaning from CPB was usually 
performed at a systemic temperature of 38 C. After de- 
cannulation, protamine sulfate (10 mg/mL, Lilly, Inc.) 
was administered intravenously over 30 minutes to neu- 
tralize the heparin. One milligram of protamine was 
given for every 2 mg of heparin in the first dose, and 
then 1 mg of protamine for every milligram of heparin 
given subsequently. 


_ Assessment of Complement Activation During Cardio- 


pulmonary Bypass 


Blood samples from the 100 patients were collected in 
disodium EDTA at induction of anesthesia, at cannula- 
tion, 20 minutes after starting CPB, and 2 hours after 
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cessation of CPB: Samples were centrifuged at 4 C, the 
plasma removed, and frozen at —70 C within 2 hours. 
Plasma concentrations of C3a desArg and C5a desArg 
were measured by radioimmunoassay using kits ob- 
tained from Upjohn Diagnostic (Kalamazoo, MI). 


Assessment of Neutrophil Activation During Cardiopul- 
monary Bypass by Measurement of Cell Surface C3B 
Receptor Number 


Blood (5 mL) from the group of five patients was 
drawn and diluted immediately with 10 mL cold Hank’s 
Buffer (HBSS) containing 63 mmol/L sodium citrate 
and held at 0 C. Within | hour, cells were sedimented at 
200 g at 4 C, and the buffy coat was harvested and 
washed in ice-cold HBSS. One million buffy coat leuko- 
cytes were incubated for 30 minutes at 4 C with saturat- 
ing concentrations of Yz-1, a murine monoclonal IgG1 


antihuman C3b receptor antibody'! in 0.1 mL HBSS . 


containing 20% autologous plasma. Controls for non- 
specific binding of antibody were cells incubated with 
identical concentrations of murine monoclonal anti- 
body of the same antibody isotype as the test antibody 
(MOPC-21, Ortho, Raritan, NJ) but with irrelevant an- 
tigen specificity. Cells were indirectly stained by incuba- 
tion for 30 minutes at 0 C with saturating concentra- 
tions of fluorescein isothiocyanate conjugated goat 
F(ab’), antimouse IgG (Cappel Laboratories, Cochran- 
ville, PA) in 0.1 mL HBSS with 10% autologous plasma. 
These cells were washed with ice-cold HBSS, and resid- 
ual erythrocytes were lysed with 0.15 mol/L ammonium 
chloride containing 0.01 mol/L potassium bicarbonate 
and 0.1 mmol/L EDTA. 

Fluorescent intensity of stained cells was measured 
with an Ortho Systems 50H cytofluorograph equipped 
with an argon ion laser operated at 488 nm and 250 
mW. Measurements of forward and right angle laser 
light scatter defined the polymorphonuclear neutrophil 
(PMN) population among the leukocytes, which was 
gated for fluorescent analysis. The fluorescent gains of 
the flow cytometer were adjusted from day to day to 
yield a constant mean fluorescence for Fluorotrol-GF 
(Ortho, Raritan, NJ). Specific complement receptor-de- 
pendent fluorescence was calculated by subtracting 
mean fluorescence of cells stained with control mono- 
clonal antibodies from that of cells stained with specific 
antireceptor monoclonal antibodies. Measurement of 
complement receptors by this technique has been pre- 
viously shown to correlate linearly with the number of 
complement receptor sites per cell as measured by satu- 
ration binding of radiolabeled C3b.?? 


Influence of Temperature on Neutrophil Cell Surface 

C3B Receptor Number Response to CSA 
Zymosan-activated serum was used as a source of 

CSa. Zymosan A (Sigma) 10 mg/mL in normal saline 
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was boiled for 10 minutes, restored to its original vol- 
ume with saline, and stored at 0 C as a stock solution. 
Fifty microliters of zymosan were added to 1 mL of 
pooled normal serum and incubated for 30 minutes at 
37 C. The zymosan was then removed by centrifugation. 
This zymosan-activated serum was prepared fresh for 
each experiment. For experiments to determine the in- 
fluence of temperature on the increase in neutrophil cell 
surface C3b receptor number that is caused by zymosan 
activated serum,'* 1-mL aliquots of fresh, citrated whole 
blood were incubated with 50 uL of zymosan-activated 
serum (CSa source) or buffer alone for 30 minutes at 
temperatures ranging from 0 C to 37 C, Reactions were 
then stopped by addition of excess ice-cold HBSS, cells 
washed twice with ice-cold HBSS, and neutrophils ana- 
lyzed for cell surface C3b receptor number by indirect 
immunofluorescent staining as above. 


Influence of Temperature on Capacity of Serum to Sus- 
tain Complement Activation in Response to Zymosan 


Five microliters of the zymosan stock solution were 
added to | mL pooled normal serum, which contained 2 
mmol/L Mg** and 8 mmol/L EGTA ((ethyleneglycol- 
bis(aminoethylether)-N,N,N’,N’)tetraacetic acid) (to 
prevent classical pathway activation by the sporadic cc- 
currence of antizymosan antibodies), and incubated at 
temperatures ranging from 25 C to 37 C. Two hundred- 
microliter samples were removed for determination of 
the concentration of C3a desArg and CSa desArg at 0, 
15, and 30 minutes. Results were expressed as nano- 
grams of C3a desArg or C5a desArg generated in the 
l-mL reaction mixtures. 


Influence of Dilution on Capacity of Serum to Sustain 
Complement Activation in Response to Zymosan 


For experiments examining hemodilution, 5 uL zy- 
mosan stock solution was incubated with 1 mL chelated, 
pooled normal serum ranging in concentration from 
33% to 100%, using 0.9% saline as the diluent, for 30 
minutes at 30 C. Samples were taken at 0 and 30 mi- 
nutes for determination of concentration of C3a desArg 
and C5a desArg. Results were expressed as nanograms 
of C3a desArg or C5a desArg generated in the 1-mL 
reaction mixtures. ' 


Influence of Heparin on Capacity of Serum to Sustain 
Complement Activation in Response to Zymosan 


For experiments examining heparin, 5 uL zymosan 
stock solution was incubated with ! mL chelated, 
pooled normal serum containing 0-20 units of heparin 
(porcine intestinal, Elkins-Sinn, Cherry Hill, NJ) for 30 
minutes at 30 C. Samples were taken at 0 and 30 mi- 
nutes for determination of concentration of C3a desArg 


MOORE AND OTHERS 


c= Aasma Levels of C3a DesArg in 100 Patients Undergoing 
LPB Randomly Assigned to Receive Bubble 





or Membrane Oxygenators 
All Patients Membrane Bubble 
(N = 100) (N = 50) (N = 50) 
cr 2t anesthesia 338 + 40 280 + 22 400+ 57 
dæ cr 234+ 33 251+ 56 219+ 38 
t mrascesonbypass 622+ 51 600+ 46 644+ 91 
Dts ier bypass 1143 + 109 10414135 1248 +177 





te- a-xgiven as ng/mL (mean + SEM). 


C <=sArg. Results weré expressed as nanograms 
“= sArg or CSa desArg generated in the 1-mL 
iD2 EcIxtures. 


ici Patient’s Intraoperative Serum to Sustain 
Flext Activation by Zymosan 


rer samples were obtained from the five patients 
e L21-rophils were also studied, before bypass and 
id =C zinutes after institution of CPB. One-milli- 
sayiz were chelated with Mg-EGTA (as above) 
noted with 50 4L zymosan stock solution for 30 
ites a =0 C; 200-yl samples were removed at 0, 15, 

3C martes and assessed for generation of C3a de- 
and Ca desArg. The genération of C3a desArg and 
des% by the samples taken during CPB was then 
oerz. o that occurring in the prebypass sample 
r ta 22parinization and hemodilution). Results 
expressed as mean percentage of C3a desArg and 
des.212-eenerated by the prebypass serum, combin- 
ata £xboth time points in zymosan activation and 
br-pas= sampling times. 


Atal iS 


ta wee analyzed by analysis of variance, unless 
=rcted, Data on CR1 and C3a desArg from the 

p >: £ patients weré analyzed using the Mann- 

ney ~est. P values are specified if less than 0.1. 


Results 


lopiwaaary Bypass Causes Complement Activa- 


isme levels of C3a desArg, the plasma conversion 
uct c7 3a generated by C3 cleavage due to com- 
ent 2c“ization, were measured in the 100 random- 
pa ist .. Significant increases were observed, in 
1a rd. of C3a desArg in association with CPB. 
1 icesArg was 338 ng/mL at induction of anes- 
a, EL -c 234 ng/mL at cannulation (initiation of 
|, aaa Een rose to 622 ng/mL by 20 minutes on 
ss azc was still elevated at 1143 ng/mL (p 
100_~ Z ours after cessation of bypass (Table 1). 
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There was no significant difference observed between 
mean C3a desArg levels of patients for whom the mem- 
brane oxygenator (600 ng/mL 20 minutes on bypass, 
1041 ng/mL 2 hours after bypass) was used versus those 
for whom the bubble oxygenator was used (644 ng/mL 
20 minutes on bypass, 1248 ng/mL 2 hours after bypass, 
NS). Thus, complement activation as reflected by signif- 


icant elevations of plasma levels of C3a desArg is asso- ` 


ciated with CPB. CSa desArg levels greater than 10 
ng/mL, the lower limit of the assay, were not detected in 
the first 50 patients at any time and were not subse- 
quently measured. This is corisistent with the reported 
rapid and avid uptake of all circulating C5a by neutro- 
phils.” 

Between induction of anesthesia and cannulation, 
mean (+SEM) hematocrit fell from 38.2 + 0.05% to 21.5 
+ 0.04%, mean total protein from 6.23 + 0.01 g/dL to 
3.55 + 0.03 g/dL, and mean albumin from 3.4 + 0.007 
g/dL to 2.20 + 0.05 g/dL. This represents an initial 40% 
hemodilution, and thus the initial drop in C3a desArg of 
31% was due to hemodilution alone. Mean white blood 
cell count fell 43% from 7434 + 35.8 cells/mL to 4240 
+ 24.2 cells/mL (and then rose to 11212 + 54.3 2 hours 
after bypass), which is attributed to hemodilution ae 
than to pulmonary sequestration. 

The clinical outcome was correlated with the C3a de- 
sArg determinations. Three patients died in the periop- 
erative period in the membrane group and three in the 
bubble group. Postoperative organ function was as- 
sessed and correlated with plasma levels of C3a desArg. 
No positive or negative correlation was found with first 
24-hour urine output, rise in postoperative serum creati- 
nine, total volume requirement in first 24 hours, postop- 
erative weight gain, total milligrams of dopamine ad- 
ministered, postoperative rise in SGOT; or pO, on 100% 
O2 upon arrival in ICU. However, the 13 patients re- 
quiring mechanical ventilation for longer than 1 day had 
significantly higher C3a desArg levels 2 hours after by- 
pass than did those 67 patients without respiratory 
complications (1023 + 274 ng/mL vs. 568 + 45 ng/mL, 
respectively, p < 0.004). Thus, the degree of comple- 
ment activation assessed immediately following CPB 
appeared to correlate with a sustained measure of respi- 
ratory injury. 


Cardiopulmonary Bypass Causes Neutrophil Activation 


To confirm that a biologic response to complement 
activation was occurring, five additional CPB patients 
were exarnined in detail, in an attempt to document the 
occurrence of a cellular response to complement activa- 
tion (Fig. 1). Blood samples were taken immediately 
before bypass, and at 10 and 30 minutes after initiation 
of bypass. They were placed immediately on ice or in 


ice-cold buffer. The plasma was examined for C3a de- ` 
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sArg and the buffy coat for neutrophil cell surface C3b 
receptor number. Serum samples were also obtained 
and stored at —70 C. Mean (+SEM) C3a desArg was 317 
+ 116% of prebypass value by 10 minutes of bypass 
(compared to prebypass value, p < 0.05) and remained 
elevated at 394 + 117% at 30 minutes (compared to 
prebypass value, p < 0.05). At the same time, mean 


neutrophil cell surface C3b receptor number rose to 168 | 


+ 20% of initial value at 10 minutes (compared to pre- 
bypass value, p < 0.01) and then to 172 + 19% at 30 
minutes (compared to prebypass value, p < 0.01) (Fig. 
1). Thus, the complement activation occurring due to 
initiation of CPB was associated with neutrophil activa- 
tion as shown by an increase in neutrophil cell surface 
C3b receptor number, and as one would predict based 
on the known effects of the complement activation 
product, C5a, on neutrophils. !? 


Temperature Less Than 37 C Decreases the Neutrophil 
Cell Surface Complement Receptor Number Response to 
Zymosan Activated Serum 


In an attempt to determine what factors might influ- 
ence complement activation and neutrophil activation, 
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FIG. 1. Time course of elevation of plasma C3a desArg (@) and neutro- 
phil cell surface C3b receptor number (O) occurring during CPB in five 
patients. Results are expressed as mean (+SEM) % of prebypass value. 
C3a desArg was measured by radioimmunoassay, C3b receptor num- 
ber by indirect immunofluorescence. 
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Fic. 2. Effect of temperature on neutrophil activation in response to 
C5a. Zymosan-activated serum was used as the CSa source. Neutrophil 
activation was measured by indirect immunofluorescent assessment oF 
cell surface C3b receptor number. Results are expressed as the mean 
(+SEM) difference between C3b receptor-dependent fluorescence 
upon exposure to C5a and that upon exposure to buffer alone (N = 4). 
In buffer alone neutrophil C3b receptor-dependent fluorescence was 
54.4 + 20.8 mean channel relative fluorescent units. 


we investigated the influence of hypothermia, systemic 
levels of heparinization, and hemodilution on the capac- 
ity of serum to respond to complement activators and of 
cells to respond to CSa (Fig. 2). These three variables 
were chosen for their unique application to CPB. 

An increase in neutrophil cell surface C3b receptor 
number in response to zymosan-activated serum was 
observed compared to the response to buffer alone. This 
was dependent on temperature, rising from no increased 
C3b receptor-dependent fluorescence at 0 C, for cells 
exposed to zymosan-activated serum in comparison to 
those exposed to buffer alone, to an increase of 275 
relative units of C3b receptor-dependent fluorescence 
for cells incubated with zymosan-activated serum at 37 
C versus those exposed to buffer alone (p < 0.005) (Fig. 
2). The steepest part of the response lay within the physi- 
ologic temperature range achieved during CPB between 
25 C and 37 C. Thus, hypothermia in the ranges rou- 
tinely used during CPB profoundly reduces the respons2 
of neutrophils to complement activation. The effect of 
dilution on cellular responses was not tested because th2 
increase in neutrophil cell surface C3b receptor number 
in response to CSa will not independently vary with cell 
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Eae 2. Effect of Temperature, Dil=tion, and Heparin on 
treg2ration of C3A and CSA in On. Milliliter of Serum 
of Exposure to Zymosan for 30 Minutes 


ng C3a desArg ng CSa desArg 

Gene-ated Generated 
peat 
5 {N= 3) 546 +3 0.7 + 0.7 
} IN= 15) 10,872 = 1905 200 + 37 
7 XN= 3) 65,667 = 9769 897 + 102 
Im zor=2ntration (30 C) 
JCE (Ik = 153 10,872 = 1805 200 + 37 
5c. (N = 4) 13,037 — 3163 130 + 28 
3¢. N =5) 9612 = 2602 76 + 18 
aär ca centration (30 C) 
U/ml <M = 15) 10,872 —-1905 200 + 37 
Limi iM = 3) 6463 — 2103 86 + 33 
) JomEN = 3) 3406 = 1665 52 + 28 
) J-mbKN = 3) 913 = 219 8+2 


ess a= expressed as mean + SEM (nanograms) generated. 


nər. -he effect of heparin on cellular responses was 
t-Siec due to the similar responses elicited in the past 
n @ iB drawn in EDTA or in heparin. 


noer are Less Than 37 C Redzeces Capacity of Nor- 
7 s2r~m™ to Sustain Complement Activation by Zy- 
3K 


“b2 imtuence of temperature oa activation of com- 
n2nt n serum by zymosan, a model activator of the 
iL aiw pathway was also exammed. (Table 2). At 30 
-ttes ~ temperature-dependent suppression of com- 
n2at =ctivation in response to zymosan was ob- 
“ej. wach 65,667 ng C3a desAr generated at 37 C 
ipacec. to 546 ng at 25 C (p < 0.005) and 897 ng CSa 
A= ze erated at 37 C compared to 0.7 ng (by extrap- 
icr oT standard plot) at 25 C (r < 0.005) (Table 2). 
se Tiferences were also observed after 15 minutes. 
z$ mn <ddition to attenuating cellular responses to 
Ltlem=at activation, hypothermma in the ranges used 
-rÆ CFB profoundly inhibits the capacity of the 
LE.em=2at system to be activated 


315 3. Capacity of Sera from Five Patierts Obtained 10 and 30 
Mi_ztes After Starting CPB to Sustain Complement 
Activation in Response to Zymosan 


% of Prebspass Capacity 
C3a desArg C5a desArg 
Paten No. Generated Generated 
1 46+ 9 634+ 3 
2 33+ 5 522 5 
3 16+ 5 Lil + 89 
4 137 +27 16411 
5 87+ 15 ice 37 


= Urs ar= expressed as mean + SEM (S of nanograms) of C3a 
3 >. Coa desArg generated by prebypess serum in response to 
Gaa. 
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Dilution Reduces Capacity of Normal Serum to Sustain 
Complement Activation by Zymosan 


Hemodilution had no noticeable influence on genera- 
tion of C3a desArg in response to zymosan (NS) (Table 
2). However, dilution from 100% to 33% reduced gener- 
ation of CSa desArg from 200 ng to 76 ng (p < 0.1). 
Thus, hemodilution in the range used for CPB selec- 
tively reduces generation of C5a during complement ac- 
tivation. 


Heparin Reduces Capacity of Normal Serum to Sustain 
Complement Activation by Zymosan 


Addition of heparin to 20 U/mL reduced generation 
of C3a desArg in serum at 30 minutes from 10,872 ng to 
913 ng (p < 0.1) and generation of C5a desArg from 200 
ng to 8 ng (p < 0.05) (Table 2). Thus, heparin in doses 
comparable to that used for CPB profoundly suppressed 
activation of complement in response to zymosan. 


Decreased Capacity of Cardiopulmonary Bypass Pa- 
tients’ Intraoperative Serum to Sustain Complement Ac- 
tivation by Zymosan 


To determine whether heparin and hemodilution had 
a cumulative clinical impact on complement activation 
during CPB, samples of serum drawn during bypass in 
the group of five patients were tested for capacity to 
sustain complement activation in response to zymosan. 
In two of five patients, sera obtained after onset of by- 
pass were significantly deficient in their capacity to gen- 
erate either C3a or CSa in response to zymosan (p 
< 0.005) (Table 3). The third patient’s serum was defi- 
cient in C3a generation (p < 0.005) but not in CSa 
generation. The fourth patient’s serum was deficient in 
C5a generation (p < 0.1) but not in C3a generation. The 
fifth patient’s serum was not deficient in either. C3a and 
C5a levels were not sufficiently high in any sample to 
account for cleavage of more than 1% of the available C3 
or C5, ruling out consumption of substrate as a cause of 
deficient complement activation. Thus, as predicted by 
the in vitro data, some patients’ sera lose the capacity to 
respond to a complement activator due to the condi- 
tions routinely employed for CPB. 


Rewarming of Patients Following Cardiopulmonary By- 
pass Influences the Degree of Complement Activation 


The esophageal temperature recordings from the 100 
randomized patients were examined to see if there was 
any correlation between body temperature and the level 
of C3a observed 2 hours after bypass. Using the Spear- 
man method for ranked correlations for the group of 
100 patients, a significant negative correlation was 
found between the lowest esophageal temperature at- 
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tained in the operating room and the serum concentra- 
tion of C3a 2 hours postoperatively (p < 0.01). This 
showed that the increased duration or intensity of re- 
warming due to the low body temperature had led to an 
increased intensity of complement activation. The in- 
tensity of the rewarming was calculated by measuring 
the area under the esophageal temperature versus time 
tracings available for each patient. The time of rewarm- 
ing was defined as the number of minutes from removal 
of the aortic cross-clamp to the cessation of bypass. The 
area under the temperature tracing during this time was 
then approximated by determining the mean tempera- 
ture for each 5-minute period, multiplying that mean 
temperature by 5 minutes, and summating all the 5-mi- 
nute areas. Results were expressed as degree-minutes; 28 
patients were found for whom the time-temperature in- 
tegral could be calculated, for whom the time of re- 
warming was neither excessively short nor long (30-90 
minutes), and who had generated C3a during the re- 
warming as indicated by a C3a level at 2 hours after 


bypass, which was higher than that at 20 minutes of 


bypass. Using the Spearman ranked analysis for correla- 
tion for these 28 patients, there was a significant corre- 
lation between the C3a observed 2 hours after bypass 
with the intensity of rewarming (p < 0.05). Thus, the 


amount of warm CPB correlates with the amount of 


complement activation, as predicted by the in vitro data 
on the effects of temperature on complement activation. 


Discussion 


We have demonstrated that CPB is associated with 
elevated plasma levels of C3a desArg (Table 1), as has 
been reported previously.” C3a desArg is the plasma 
inactivation product of C3a, in turn produced by the 
enzymatic cleavage of C3 occurring during complement 
activation. As the samples drawn 20 minutes after onset 


of bypass were elevated compared to those drawn at the » 


time of cannulation just prior to onset of bypass (Table 
1), this complement activation can be attributed to the 
bypass circuit itself rather than to major tissue dissection 
alone. The further increase in plasma C3a desArg ob- 
served 2 hours after termination of bypass demonstrates 
either an ongoing complement activation throughout 
the period of bypass or additional activation occurring 
after the initial period of bypass. The latter hypothesis is 
supported by data from the second group of five patients 
in whom there was no increase in C3a desArg levels 
between 10 and 30 minutes after onset of bypass (Fig. 1), 
suggesting an early phase of activation that spontane- 
ously terminated. In addition, there are reports of a 
burst of complement activation accompanying adminis- 
tration of protamine at the conclusion of the surgery, '!*!* 
which was not examined directly. Although the oxygen- 
ator is assumed to be the complement activator based on 
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similarities to hemodialysis membranes, a marked vari- 
ation in oxygenator design does not appear to influence 
the degree of complement activation. No difference in 
comparative degrees of complement activation was 
noted between the patients randomized to the bubble o1 
the membrane oxygenators. These findings are at vari- 
ance with previous observations showing a reduced de- 
gree of complement activation associated with a differ- 
ent hollow fiber membrane oxygenator.'° This suggestec 
that there may have been other uncontrolled variable: 
influencing complement activation to a degree greater 
than any change in oxygenator design. Finally, althougl 
enzymatic cleavage of C3 is accompanied by cleavage o 
C5 with generation of C5a and CSa desArg, no measur- 
able elevation of CSa desArg was found. This is attrib- 
uted to the rapid and avid uptake of all circulating CS< 
by high affinity C5a receptors on neutrophils, as ha: 
been previously reported in CPB?*!> and other clinica 
settings.'° 

In view of the prevailing opinion that significan 
complement activation leads to neutrophil activations 
followed by formation of neutrophil microemboli witk 
pulmonary sequestration of neutrophils, leukocyt: 
counts and clinical outcomes were examined. Althoug* 
the mean white blood cell count fell by 43% initially, T 
rose to 151% of prebypass values by 2 hours after cesse 
tion of bypass. The initial decline was also accompanie: 
by comparable falls in hematocrit, total protein, an: 
albumin. The initial fall in white blood count is attrit- 
uted to hemodilution and not to pulmonary sequestre: 
tion of neutrophils. This might have been anticipate< 
because the pulmonary circulation is excluded durim 
the initial phase of bypass and any microaggregate: 
might be removed elsewhere in the circulation or not <1 
all. Despite the lack of predicted effect on white cel 
number, an adverse respiratory outcome associated witt 
high levels of plasma C3a desArg was observed; patien:: 
requiring ventilatory support for longer than 1 day hax 
plasma C3a desArg levels 2 hours after bypass neary 
twice that of patients uneventfully weaned from ventila 
tory assistance. It is possible that complement activatict 
late in the course of bypass might result in microaggr= 
gate deposition in the lungs. 

To confirm that there were biologic effects attribut- 
able to complement activation, five additional patients 
undergoing CPB were examined to determine wheth=z1 
neutrophil activation was also occurring. The normal 
response of neutrophils to activation by complement 1: 
an immediate and sustained increase in the number >! 
cell surface receptors for the complement opsonin. 
C3b.'? Unstimulated neutrophils express 5000 mol:- 
cules of the C3b receptor per cell, whereas activaticn 
with peptides such as C5a increases expression to as high 
as 50,000 to 75,000 receptors per neutrophil surface. By 
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ng tL-: technique of indirect mmunofluorescence 
h mcroclonal anti-C3b recepto: antibody and a flow 
omst, we are able to quantita_e neutrophil cell sur- 
> C3L receptor number, thus determining the degree 
whrl activation, in this case presumed due to CSa, 
oc-umed. In the five patients, n increase in plasma 
1 desrg and a simultaneous rse in neutrophil cell 
face _3b receptor number we-e observed (Fig. 1). 
2se azcivations occurred simuHaneously within 10 
1utcs =f the onset of bypass ana did not rise further 
30 m-mutes. This suggested that conditions occurring 
y ia zypass were responsible fcr activation of com- 
nert =nd neutrophils and that these conditions did 
pers. Because this circumstance was distinct from 
aod esis, in which complemett and neutrophil ac- 
tion =rogressed throughout the course of dialysis,® 
clirice] aspects of CPB that were different from dial- 
wee 2xamined. 

`o accmunt for the transient nature of the activating 
iults we examined in vitro the mfluence of tempera- 
: or Dth the neutrophil cell surface C3b receptor 
abez sponse to C5a and on tLe capacity of serum 
=he ak ence of neutrophils) to gc nerate C3a and Ca 
=speree to a known complemert activator. Temper- 
"e wa hosen because it was drastically reduced dur- 
the _rcial period of CPB, in con-rast to hemodialysis 
*hica typothermia is not emplo~ed. Neutrophil acti- 
Dn “n-ESsponse to a source of C5 (zymosan activated 
-m) wes highly temperature-derendent (Fig. 2) with 
=imil ncrement in response to temperature occur- 
: beman 25 C and 30 C, a range of systemic temper- 
z commonly used during CPE. Thus, the lack of 
2reszi7> neutrophil activation seen early in CPB may 
zue c drogressive hypothermia, the cells responding 
ally tc complement activation at 37 C, and this re- 
ase markedly attenuating at colder temperatures. 
and weduction in temperature n the same clinical 
ce p-cbundly reduced the capactty of serum to gen- 
= Cra ind CSa in response to a cnown complement 
zatcr zymosan) (Table 2). Thus, the customary hy- 
Lerrmiz conditions of CPB may actually protect the 
ents f m harmful complement activation by reduc- 
sott t= activation itself and the zellular responses to 
7atier.. That the temperature at which the bypass is 
Juce clinically might determine the degree of 
plent activation is shown by the significant cor- 
Jon ci-served between the duretion of warm CPB 
Uirit ær'uring patient rewarming and the level of C3a 
Le serrn 2 hours later. 

«Cause systemic heparinization ind major hemodi- 
cn a: elso peculiar to open heart surgery, these fac- 
, were «So examined for their inflience on the capac- 
Cf seun to generate C3a and Ca in response to a 
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known activator of the alternative pathway. Decreasing 
the concentration of the serum to 33% resulted in re- 
duction of C5a generation in response to zymosan but 
had no influence on C3a generation (Table 2). Thus, 
large degrees of hemodilution may selectively impair the 
generation of the neutrophil activating peptide, C5a, in 
response to a complement activator. Increasing concen- 
trations of heparin, approximating the concentrations 
obtained during bypass with the huge doses of heparin 
administered, in contrast, depressed generation of both 
C3a and CSa in response to zymosan (Table 2). To de- 
termine whether heparin and hemodilution together 
could clinically cause depression of C3a and C5a genera- 
tion, serum samples taken during CPB were exposed to 
zymosan, and the resulting generation of C3a and C5a 
was compared to that occurring in the serum of the same 
patients taken prior to dilution or heparinization. The 
majority of the samples taken during bypass were im- 
paired in their capacity to be activated by zymosan 
(Table 3). Thus, besides hypothermia, two additional 
practices in CPB, hemodilution and heparinization, ap- 
pear to protect the patient from complement activation 
and to date have not been monitored with respect to 
their action against complement. Variations in these 
three important variables (temperature, dilution, and 
heparinization) are uncontrolled in all the major studies 
of this subject and may account for the minor differ- 
ences reported in these studies. 

There are harmful consequences of systemic neutro- 
phil activation in addition to that of leucoaggregation 
and leucoembolism. If the activator is the complement 
chemotaxin, Ca, for which there is a specific. cell sur- 
face receptor, one consequence 1s a loss of chemotaxin 
receptors from the cell surface to the interior of the cell, 
resulting in an inability to respond subsequently to the 
same chemotaxin.'’ Such a defect in chemotaxis to C5a 
associated with neutrophil complement receptor upreg- 
ulation has been recently reported after thermal injury’® 
and may contribute to the susceptibility to infection 
noted after major injury or surgery. Second, increased 
expression of neutrophil complement receptors, particu- 
larly the C3bi receptor which responds in parallel with 
the C3b receptor,!® may be associated with neutrophil 
degranulation,'*!* possibly leading to increased circu- 
lating proteolytic activity as well as deficient neutrophil 
killing of microorganisms. Thus, in addition to pulmo- 
nary injury caused by systemic complement and neutro- 
phil activation, there may also be immune impairment. 
On the basis of these data, this can be avoided by liberal 
heparinization combined with rapid cooling at the onset 
of bypass to a systemic temperature of 28 C or below 
and rapid rewarming with prompt cessation of bypass at 
the end of open heart surgery. 
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mproved Quality of Life after Distal 


yplenorenal Shunt 


P-ozvective Comparison with Side-to-Side Portacaval Shunt 
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1e d=stad splenorenal shunt (DSRS) was compared with the 
de-t)-sile portacaval shunt (PCS) in 93 prospectively 
atched patients with portal hypertension. After 38 months 
ean Tobcw-up the two shunts had a different incidence of 
ute 2nGphalopathy (22% in PCS group and 33% in DSRS 
oup. aec chronic encephalopathy (35% in PCS group and 
'% it, CSRS group), but the difference was not statistically 
mifrart. However, the only cases of severe and disabling 
ron ewephalopathy arose after PCS (p = 0.049). Actuarial 
rveg of zhronic encephalopathy showed that the maximum 
te of er-2phalopathy (18%) in the DSRS group was reached 
‘moathe after shunt surgery, whereas this value was reached 
d passed in PCS group only 4 months after shunt. Chronic 
cepEalctathy occurred for a total duration of 20.1 months 
ter FCE and only 11.1 months after DSRS (p = 0.003) and 
cupëd 46.3% of the follow-up of PCS patients, as contrasted 
18.7% »f the follow-up of DSRS patients (p = 0.0001). 
SRE is æssociated with a lower global incidence of chronic 
E withact severe forms and provides a better quality of life 
an does & nonselective shunt. 


C2TAL-SYSTEMIC SHUNTS, removing portal hy- 

pertension, represent the only definitive treat- 

r2nt for the prevention of variceal rebleeding.‘ 
oweve suppression of hepatopetal flow could cause 
e appezrance of hepatic encephalopathy (HE) and 
rer fanz-ion deterioration.” 
Diszal eplenorenal shunt (DSRS), first proposed by 
arren =. al. in 1967° appeared to be an interesting 
ernati in the treatment of bleeding esophageal var- 
as, The effectiveness of the selective shunt in control- 
ig beding has been documented in several reports.** 
oreevez, a concomitant significant decrease of HE 
ier DS2S when compared to traditional nonselective 
unts w13 observed.’~!? The initial enthusiasm has been 
olee. ty recent results of clinical trials, which cast 
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doubts on whether the selective shunt is truly superior in 
preventing HE.'?-'° In this study results on HE are pre- 
sented, comparing DSRS with side-to-side portacaval 


shunt (PCS), a classical nonselective anastomosis. 


a 


Materials and Methods 


Between January 1980 and June 1984, 152 adult pa- 
tients were submitted to portal-systemic shunt for portal 


hypertension at the First Surgical Clinic of the Univer- 


sity of Milan. Ninety-three patients were selected for this 
study on the basis of the following criteria: (1) biopsy- 
documented cirrhosis; (2) at least one episode of upper 
gastrointestinal bleeding caused by esophageal varices 
and confirmed by endoscopy; (3) proof of hepatopetal 
portal blood flow during the venous phase of the supe- 
rior mesenteric angiography; (4) angiographical avail- 
ability to perform both the shunts; (5) no severe ascites 
at the time of operation; and (6) surgery on an elective 
basis only. Patients older than 65 years of age or with 
hepatic failure (Child’s C patients) were also excluded. 
Table 1 shows the reasons for the exclusion of 59 pa- 
tients. Informed written consent was obtained from all 
patients prior to their inclusion in the study. A group of 
47 patients submitted to a PCS was matched by a group 
of 46 patients who had received a DSRS. Patients were 
matched for age, sex, number of preoperative bleeds, 
type of cirrhosis, degree of portal perfusion, and preop- 
erative functional hepatic reserve as determined by the 
Child’s classification and by a global score, already de- 
scribed by the authors.° 

Patients were submitted to one of the shunts accord- 
ing to an alternative method of assignment in the morn- 
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TABLE 1. Reasons for the Exclusion of the Patients from the Study 


No. of Patients 


Prophylactic shunts 12 
Emergency shunts 15 
Budd-Chian syndrome 4 
Other PCS 8 
Central splenorenal shunts 13 
Other shunts 6 
Nonselected patient I 
Total 59 


ing before shunt surgery. However, when the selected 
shunt was intraoperatively judged unsuitable for ana- 
tomic reasons and the other shunt could be performed, 
the patient still included in the study because all the 
criteria for inclusion were met. This method was chosen 
because randomization was not feasible in this depart- 
ment.® The sample requirements to demonstrate an in- 
crease in survival at 5 years of the 10% are about 500 
patients for each group, applying standard power (80%), 
Type I error (p < 0.05), and a two-tailed t-test.'’ This 
would mean that a long recruitment period and/or mul- 
ticenter study can be expected to provide meaningful 
results. However, HE is the most important complica- 
tion of shunt surgery. Therefore, the value of DSRS in 
preventing HE was studied. The sample requirements to 
demonstrate a decrease in HE from 40% to 15% are 
about 46 patients for each group, applying standard 
power (80%), Type I error (p < 0.05) and a two-tailed 
t-test.” The choice of this method of assignment and 
this specific objective has limited the recruitment period 
to 54 months. 


Preoperative Evaluation 


History of cirrhosis was collected in each patient with 
particular attention to previous episodes of gastrointesti- 


nal bleeding and evidence of either primary or post- - 


hemorrhagic hepatic failure (jaundice, ascites, or 


TABLE 2. Preoperative Characteristics af the Two Study Groups 


PCS DSRS 
(N = 47) (N = 46) p Value 

Age (mean) 50.2495 540+7.0 0.05 
Sex (M/F) 38/9 31/15 NS 
Bleeding episodes from 

esophageal varices (mean) 1.57 1.82 NS 
Primitive hepatic falure 

(none/one or more) 17/30 19/27 NS 
Child’s classification 

A 0 0 

B 46 46 | NS 

C ] 0 
Portal perfusion 

l 30% 35% | 

2 48% 42% NS 

3 22% 23% 
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TABLE 3. Etiology of Liver Cirrhosis 


PCS DSRS 
Posthepatitic 16 19 
Alcoholic 23 18 
Cryptogenetic 7 8 
Other Í l 


edema) (Table 2). Physical examination was specifically 
directed to the assessment of nutritional state, hepato- 
splenomegaly, jaundice, ascites, and edema. Routine 
laboratory tests were employed to evaluate the func- 
tional state of the liver. An overall assessment of the 
severity of liver disease was made. The mean index of 
PCS cases (0.58 + 0.08) was similar to that of DSRS 
(0.60 + 0.06; NS). Serum a-fetoprotein was routinely 
determined in order to screen the presence of hepatic 
neoplasm. The etiology of cirrhosis was determined on 
the basis of clinical history, serum markers of viral hepa- 
titis, and liver biopsy (Table 3). The presence of esopha- 
geal varices was assessed by endoscopic examination. 
Criteria used for classifying the endoscopic findings were 
based on the General Rules for Recording Endoscopic 
Findings on Esophageal Varices compiled by the Jaga- 
nese Research Society for Portal Hypertension. '® 
Cerebral function was assessed by a complete neuro- 
logic examination, taking into account the mental state, 
asterixis, electroencephalographic findings (EEG) and 
the trail making test.!*7° All were assessed using the C—4 
rating system proposed by Conn.! The Cancelling As 
test was also used?” and rated by the same method. This 
test assesses preattentive visual processing. The sub;eci 
is asked to cancel out words containing As from long list 
of words in a specified time period. Each parameter was 
arbitrarily weighed in proportion to its importance. An 
overall score for HE was calculated from the sum of the 
values for each of the five parameters (Table 4). HE was 
considered acute if it was precipitated by gastrointestinal 
bleeding, acute binge drinking, or pharmacologic or di- 
etary imbalances, of brief duration and easily controlled 
with elimination of the precipitating cause. HE was con- 


TABLE 4. Assessment of HE 


Degree 


Mm 
to 
> 


Mental state 
Asterixis 
Cancelling A’s test 
TMT. 

EEG. 


SOooce od D 
CD — 
A 
ho m N OO 
HN BRN 


No HE = 0-4. 

Mild HE = 5-10. 
Moderate HE = 11-20. 
Severe HE = 20. 


-06 


€deæd chronic if it was spontaneous, of long duration, 
end nc-e difficult to manage. Preoperative HE was ex- 
cuded 1 all patients. 

A ~isz=2ral angiography was obtained by selective cath- 
e erizat.on of celiac axis and supe-ior mesenteric artery. 
‘The verous phase of angiography showed patency of the 
Darta. vznous system and hepatopetal portal flow in all 
3ztierts The degree of hepatic pe-fusion was evaluated 


icordirg to the criteria of Nordliager et al.” 


Jperatite Management 


All »azents were operated by the same surgical team 
end in tke same time period. Side-to-side PCS was per- 
formed flowing standard technicue. DSRS was con- 
srictel cording to a previously described technique 
(7 cass~* or by a modification (rine cases).7* A com- 
pee port=l-azygous disconnection, with interruption of 
tke lef gstric, right gastroepiploic; and pyloric veins 
was alvay= added. 

esent zic venous pressure before and after the con- 
stmiction zf the anastomosis was mtraoperatively re- 
co-ced 5y direct catheterization o7 an ileal vein, the 
pler= oi the caval vein was used as ( baseline. Further- 
mers, dret measurement of spleni= pressure was ob- 
tained ir a` DSRS patients. 


Po.teperatae Evaluation 


fer cursery all vital parameters were continuously 
motored ad serial laboratory tests of hepatic function 
wer >bteined. An esophageal endosccpy was performed 
in each patent. A visceral angiography was performed 
on ms teatE average postoperative day only in patients 
submttec te DSRS. Shunt patency wes directly verified 
on tic ve207s phase of angiography ir the DSRS group 
and indirscw#y by endoscopic varicea. examination in 
žhe PCS gow. Three DSRS patients and one PCS pa- 
zient ~ere-excluded from the analysis cf the later results 
secau: tro patients died in the early postoperative pe- 
-iod “cne Dr zach group). One DSRS patient had shunt 
*hrom 20sis d one with Britton’s operation had lack of 
epleric ligaticn resulting in a side-to-side splenorenal 
shun:. Th2 {&rmer was given beta-blockade therapy. 
Both 3.1tients-vere still alive without complications with 
z follov-up o 36 and 42 months, respectively. 

Patients were checked at the first, third, and sixth 
monta afte cacharge; follow-up was then extended to 
a. least -wic vzarly on an outpatient basis. At each visit 
liver Lanction. vas assessed by a complete clinical and 
bologcexzmaation. A longitudinal asszssment of liver 
fimctier wa made by calculating an index based on a 
better of Btoratory tests (albumin, total bilirubin, 
amthrombia tne, SGOT, alkaline phosphatase) using 
-h2 same metod as for the assessmen- of the global 
score cf tunztimnal hepatic reserve.® This index was ob- 
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tained at 6 months and then yearly after surgéry and 
compared each time with preoperative values. The as- 
sessment of neurologic status was performed using the 
afore-mentioned criteria. An EEG was obtained at least 
once a year. Any period of chronic HE in any month 
was counted as 1 month in that functional category." 
An assessment of quality of life was calculated by divid- 
ing the number of months with chronic HE by the fol- 
low-up of each patient, giving a percentage.'' Evidence 
of HE between two subsequent controls was determined 
based on history of neuropsychiatric aberrations de- 
scribed by the patients and/or reliable witnesses that 
were not explained by stroke, intoxication, or other dis- 
order. A return to drinking was based on patient’s state- 
ments, the authors’ assessment, and informations from 
relatives. Continued drinking was defined as daily con- 
sumption in excess of | L of wine and/or hard liquors. 
All the patients were on a protein-balanced diet (1 g 
protein/kg body weight) and administered lactulose 
prophylactic treatment; the dosage was started at 60 
g/day in three divided doses and adjusted thereafter to 
induce at least one bowel movements per day. 


Data Management and Statistical Analysis 


Initial evaluation and subsequent follow-up data were 
collected on.!-2-3 databases (Lotus Development Corp.) 
for computer input (Epson PC AX, Seiko Epson Corp.) 
and subsequent analysis (Microstat Ecosoft, Inc., India- 
napolis, IN). Cumulative curves of ‘chronic HE were 
analyzed by the Kaplan-Meier method and were com- 
pared by the log-rank test.” Comparison between 
groups was made by the chi square test for proportions 
and Mann- Whitney U-test for the means. 


Results 


Prior to inclusion in the study, acute HE had occurred 
in eight of the 47 patients in the PCS group (17%) and in 
ten of the 46 patients in the DSRS group (21%) (NS). In 
most patients HE was associated with gastrointestinal 
bleeding, was transient, and cleared with minimal thera- 
peutic steps including lactulose and: sometimes amino 
acid infusion. Postoperatively, acute HE occurred in 
four of the 46 patients in the PCS group (9%) and in six 
of the 43 patients in the DSRS group (14%) (NS). Long- 
term follow-up was complete in 100% of patients. Mean 
follow-up time from operation to last data analysis (both 
alive and dead patients) was 39 months in the DSRS 
group and 41 months in the PCS group (range: 24-79 
months; NS). Acute HE was observed in ten of 46 pa- 
tients in the PCS group (22%) compared to 14 of 43 
patients in the DSRS group (33%) (NS). Chronic HE 
was evaluated by its incidence, seriousness, onset, and 
duration. Chronic HE was observed in 16 patients in the 
PCS group (35%) and in seven patients in the DSRS 
group (17%) (NS). Chronic HE was mild in eight PCS 
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patients (17%), moderate in four (9%), and severe in four 
others (9%). After DSRS no severe HE was found, but 
five patients (12%) suffered a mild form and two (5%) a 
moderate form. The difference in the incidence of severe 
HE between PCS and DSRS groups was slightly signifi- 
cant (p = 0.049). The cumulative curve of patients free 
of chronic HE (Fig. 1) showed that the maximum rate of 
HE in DSRS group (18%) was reached 27 months after 
shunt surgery, whereas this value was reached and 
passed only 4 months after PCS. The 16 patients in the 
PCS group experienced a mean of 20.1 months (+14.9) 
with chronic HE, whereas the mean for the seven pa- 
tients in the DSRS group was only 11.1 months (+8.1) 
(p = 0.003). These 16 PCS patients had 46.3% (+30%) of 
their follow-up period with chronic HE, whereas the 
seven DSRS patients had only 18.7% (+14.6%). This 
difference is highly significant (p = 0.0001). 

Figure 2 demonstrates the mean indices of liver func- 
tion calculated for the two surgical groups during the 
follow-up period. The DSRS did not cause any signifi- 
cant worsening of hepatic function, whereas PCS did. 


Discussion 


The aim of this study was to compare the incidence of 
HE after DSRS and PCS in two homogeneous groups of 
cirrhotic patients, matched for clearly established crite- 
ria of inclusion. The two groups of patients were homo- 
geneous with regard to liver function, type of cirrhosis, 
preoperative portal hemodynamics, and indications for 
surgery. Some advantages of this study were that DSRS 
was compared only with PCS as a nonselective shunt, 
surgery was performed by the same team that had ac- 
quired experience with 590 nonselective and 60 selective 
shunts,' ensuring fairly good standardization of the sur- 


gical approach, and serial follow-up checks were made © 


for virtually the same period for both groups. Finally, no 
patient was lost during follow-up period. 

Assessment of HE and quantification of its symptoms 
remain a much debated point with no immediate solu- 
tion in sight.*° Severe forms are easy enough to identify, 
but subclinical signs are easy to overlook on superficial 
examination. We attempted to standardize our assess- 
ment of these disturbances using a score of HE amply 
inspired by the criteria set out by Conn et al.?! Using an 
empirical rating scale, the absence of HE, and mild, 
moderate, and severe forms were defined. A clear-cut 
definition was used for acute and chronic HE because of 
the widely differing impact of these two forms on social 
life and habits. Isolated and recurrent episodes of acute 
HE occurred more often after DSRS than PCS; this dif- 
ference, however, was not statistically significant and 
also not clinically relevant. Other studies showed that 
acute HE, as it was induced by comagenic events, oc- 
curred in equally large fractions of both shunted and 
nonshunted patients.*’-*° These data indicate that acute 
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patients free 


of chronic HE 


1OGZ p 
DSRS 
So 
PCS 
607- 
12 24 36 4B 60 
months 


Fic. 1. Actuarial curves of patients free of chronic HE. 


HE is a common phenomenon in cirrhotic patients with 
portal hypertension. On the other hand, chronic HE was 
usually associated with portal-systemic shunts.?’ Six 
prospective studies compared DSRS and nonselective 
shunts; results have shown a significantly lower fre- 
quency of HE following DSRS.’-'® 
The results of the current study showed that the qual- 
ity of life after DSRS is superior to that after PCS. This 
finding is based on the different behavior of chronic HE 
in the two groups regarding to incidence, seriousness, 
onset, and duration. First, after a follow-up of at least 2 
years only 17% of DSRS patients have experienced 
chronic HE, as contrasted to 35% of PCS patients. This 
difference, however, was not statistically significant, but 
it seems to be clinically important. The size of the study 
may have prevented the observation of a significant ef- 
fect. Second, the only cases of severe and disabling 
chronic HE arose after PCS, and this was slightly statis- 
tically significant. One cause for severe forms of chronic 
HE could be continued alcoholism. A direct relationship 
between active drinking and spontaneous HE was seen 


indices of 


liver function 


66 


562 


58 





PRE 12 a4 36 48 60 
months 


FIG. 2. Longitudinal trend of indices of liver function in PCS group. *p 
< 0.05 and +p < 0.02 compared to preoperative values. 
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ony it me DSRS group.'® This suggests that the natural 
is-e-+ chronic HE in this population depends cn the 
Jire- =f=ct of continued drinking, whereas the de~elop- 
mes HE after PCS is hemodynamic above all.' Five 
C3 z=rents (11%) and four DSRS patients (9% had 
returns to drinking. However, none of these padents 
Lad s=:~=2 HE and only one DSRS patient had a moder- 
ete cr Moreover, we analyzed if the difference in the 
iaciEr = of severe form could be caused by a distary 
inta r2, constipation, and/or additional therapies. 
EE 11 FCS group was not caused by other disorders. 
Twc P_= patients and four DSRS patients were dn a 
fee i= whereas five PCS patients had to interrup the 
p’otem. ake to prevent the development of chnnic 
HE E& Lactulose prophylactic treatment was irter- 
rupt.c a2 -hree PCS and in five DSRS patients of heir 
own =i#2"ill (NS). Oral BCAA dietary supplementa_ion 
(Falter =racco) was necessary in nine PCS pati: nts 
ard 12a DSRS patients (NS). Third, in those paticnts 
in -wEc = chronic HE developed after DSRS, it dic so 
laer r -eir postoperative course. Chronic HE de-el- 
oped 31 s=n after PCS that its incidence surpassed -he 
mexir -ncidence of HE in DSRS group (18%) just 4 
monta: Ær hospital discharge. Fourth, chronic JE 
Jas ed 121: after PCS than after DSRS. This influenced 
the lif =~: of PCS patients including modifications of 
ther -x~ serformance or partial limitations of house- 
hoH.aii~ Some patients required assistance for fhe 
asc gti ~ zes of daily living. In contrast, HE caused 38 
ate acrs= ns in 19 PCS patients but only 18 late ad- 
Missio21; 1.11 DSRS patients. Thus, the risk of adm s- 
sior fo EE was almost twofold higher in the PCS grorp 
0.83 1 ™=2 admissions per patient; p = 0.037), Fur- 
terno i-se admissions were caused by acute HE n 
ell aut +- PCS patients who were admitted fcr 
chrcnic T= The reasons for this better quality of life m 
DSES got are still discussed. 

CLrox= €E is related to three physiologic factor- 
hepatic zcz7al perfusion, portal—systemic collateral, 
aid mte =i venous hypertension that affects intestinal 
4>so-ptxm.- ** Altered portal hemodynamics impairs 
izer “urcticr in cirrhotics, which may be responsible fo- 
te cev2z>r-ent of chronic HE.3 However, mucl. 
ecntDovers~ =xists regarding HE following shunt sur 
tery, Naa =~ whether it is due to the shunt itself or tc 
fe hepar r mage. 

Supprz-sr = of portal diversion led to complete rever- 
a. of seweare, Ssabling postshunt encephalopathy.” It 
kas reso Eca low frequency of HE in portal hyperten- 
san vith ace= preservation of hepatic function such as 
sclisteso_iis=*° or Budd-Chiari syndrome.*’ In con- 
test, ~he:t-<22nce of HE in patients with an impaired 
lizer fanct =z -Child’s C risk) submitted to endoscopic 
;derothesep~ ~as similar to that of shunted patients.** 
Herwe~er. +e can be considered borderline cases in 
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whom it is possible (at least theoreticaliy) to separate the 
altered portal hemodynamic effect from the impaired 
liver function. In the majority of cases, this is very diffi- 
cult. In this study the cumulative curve of patients free 
of chronic HE (Fig. 1) after PCS seems to have two 
components: a rapid initial slope for 12 months after 
discharge followed by a more gentle slope thereafter, 
whereas the curve after DSRS showed a more progres- 
sive slope from beginning to end. The rapid develop- 
ment of chronic HE after PCS could be due to the im- 
provised loss of portal perfusion contributing to hepato- 
cellular damage (Fig. 2). However, the progressive 
development of chronic HE after DSRS could be due to 
the evolutive chronic disease. It is known that loss of 
liver volume occurs in unoperated patients and proba- 
bly represents the natural history of disease.°? 

Portacaval shunt diverts portal venous flow away 
from the liver, contributing to liver failure. Further- 
more, a toxic substance or substances from the gastroin- 
testinal tract bypass their normal metabolic site in the 
liver and reach the brain in high concentrations, where 
they produce cerebral dysfunction. Finally, total portal- 
systemic shunt causes increased ammonia absorption 
from the small and large bowel due to decompression of 
the splanchnic circulation. 

DSRS should represent optimal surgical therapy be- 
cause postoperative portal perfusion and superior mes- 
enteric—portal venous hypertension are maintained; 
these aim to preserve liver cell function in the already 
impaired liver of cirrhotics.'? However, six randomized 
controlled trials have demonstrated conflicting results 
regarding subsequent incidence of HE.”!!-!4-!6 

The lack ofa clearly positive effect on HE after DSRS 
may be due to (besides afore-mentioned natural history 
of liver disease) the progressive loss of shunt selectiv- 
ity.2°-* In our experience of 118 DSRS performed, pre- 
operative and postoperative splanchnic angiography 
were evaluated in 80 cases. Patients with loss of portal 
perfusion had higher incidence of chronic HE (25%) 
than patients with other degrees of perfusion (6%, (p 
= 0.02) (unpublished observation). The rate of loss of 
perfusion may be accelerated by inadequate portal-azy- 
gous disconnection.“ High rates of HE after modified 
DSRS (without portal-azygous disconnection) seem to 
confirm these data.*°*” Warren et al.*® projected that if 
the splenic vein were completely separated from the 
pancreas during selective shunt, (splenopancreatic dis- 
connection) the so-called pancreatic siphon would not 
develop and postoperative portal perfusion and shunt 
selectivity could be preserved. 

In conclusion, DSRS is associated with less global in- 
cidence of chronic HE, absence of severe forms, less 
rapid development during follow-up, and less duration 
of episodes providing a better quality of life than does a 
nonselective shunt. 
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æ cE of sepsis on the intrinsic contractile status of the 
“oc. d- is best examined in the awake, closed-chest ani- 
d VĒ} -tact circulation because anesthesia, open thoracot- 
zy, aac circulatory support are all known to affect hemody- 
niee. _—-fulfill these criteria, 18 adult dogs were chronically 
miec & the awake state after instrumentation with left ven- 
-ul-- [_wh-fidelity pressure catheters and ultrasonic dimen- 
ri fareducers to measure left ventricular transmural pres- 
w g xcinor axis dimension. This allowed computer assess- 
at € me left ventricular end-systolic pressure—dimension 
latict sap in the control state and at intervals following cecal 
tice E one group of dogs. A second group of control ani- 
zs “a: studied over variable time intervals without cecal 
'ticc ( evaluate the temporal stability and reproducibility 
hesr wal model and the end-systolic pressure—dimension 
|: tices1~. Evaluation of contractility by use of the end-sys- 
l= pæ: =re-dimension relationship was essential because 
it rat aship is a sensitive indicator of the intrinsic myo- 
riia. -ccczactile state while remaining insensitive to the wide 
gs ir preload and afterload that are commonly seen in 
pæis. [r -Le control group of dogs, the temporal consistency 
Č st2avĒ f" of the end-systolic pressure—dimension relation- 
iva ic t- model was confirmed; no significant changes in the 
t e sauder -nension-axis intercept were demonstrated over the 
r.y tewral. In the septic group of dogs, however, the intrin- 
: mxx: -žial contractility significantly deteriorated as the 
2n so of the end-systolic pressure—dimension relation- 
in (ax -Æ/mm) decreased from 16.87 + 0.85 to 12.79 
147 2% 120 hours following cecal ligation. Intrinsic con- 
dilt- T the heart during sepsis was therefore isolated for 


2 first fxe from the widely variant loading conditions seen 


rng sess by pressure—dimension analyses in the chroni- 
i- ire=r=rented, awake, closed-chest canine with intact circu- 
ien. 
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YOCARDIAL FUNCTION is a primary determi- 
M nant of morbidity and mortality rates in 

human sepsis. Attempts to define the con- 
tractile status of the myocardium under septic condi- 
tions in experimental animal models and in humans 
have met with considerable methodologic problems. In- 
vestigations utilizing isolated myocardium and the in- 
tact isolated heart have, for the most part, demonstrated 
contractile depression during perfusion by endotoxin or 
sera isolated from septic humans." !? The strength of 
these studies has been the ability to control preload, 
afterload, and contractile frequency and therefore allow 
accurate assessment of myocardial contractility using 
standard performance indices in isolated heart prepara- 
tions. Unfortunately, perfusion with endotoxin or 
cross-species septic sera in isolated heart preparations 
does not replicate conditions in the intact septic animal. 
As a result, conclusions drawn from these studies, al- 
though informative, cannot be extended readily to septic 
patients. 

In contrast, in vivo studies of myocardial contractility 
in intact animals more accurately reflect conditions en- 
countered in human sepsis. Unfortunately, these studies 
have too often utilized endotoxin perfusions and there- 
fore have limited applicability to human sepsis.'*'® In 
addition, most in vivo animal studies have involved the 
use of acutely studied, anesthetized, and often open- 
chest animals with supported circulation.'**! These 
models are not representative of the closed-chest, awake 
human with intact circulation. Finally, these studies, as 
well as all human studies,“ have utilized indices of 
myocardial contractility that are uniformly sensitive to 
changes in preload, afterload, and heart rate. End-dia- 
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stolic ventricular volumes and peripheral vascular resis- 
tance are both known to vary widely in the septic ani- 
mal.9~!!:19,23-30,32-34,36-43 Conclusions on the effects of 
sepsis drawn from data derived with inaccurate indices 
of myocardial contractility are misleading. The results 
of these studies have been inconsistent, with the myo- 
cardium being described as both depressed and hyperdy- 
namic. 

The intention of this investigation was to accurately 
and quantitatively describe the contractile state of the 
myocardium prior to and at two intervals following the 
creation of intra-abdominal sepsis in a canine model. 
The contractile status was assessed by defining the slope 
of the end-systolic pressure—dimension relationship as 
measured over a wide range of end-systolic pressures. 
This sensitive index of myocardial contractile status has 
been shown to be unaffected by changes in preload and 
afterload**** and therefore allowed isolation of myocar- 
dial contractility from the hemodynamic alterations of 
sepsis. These observations were made in the awake, 
closed-chest canine with intact circulation during the 
natural course of peritoneal sepsis in hopes of more ap- 
propriately defining the changes in myocardial contrac- 
tility that accompany human sepsis. 


Methods 
Instrumentation 


Adult mongrel dogs of either sex weighing between 18 
and 24 kg were used in this study. All were subjected to 
left thoracotomy after general anesthesia with thiamylal 
sodium (25 mg/kg) (Abbott Laboratories, Chicago, IL) 
and endotracheal ventilation with a Bennett Model 
MA-1 respiration unit. 

After standard pericardiotomy, pulse-transit ultra- 
sonic dimension transducers were placed on the epicar- 
dium to measure the external minor and major axes of 
the heart and transmurally to measure wall thickness 
(Fig. 1). Left atrial and pleural silastic catheters were 
placed to allow subsequent passage of high-fidelity trans- 
ducer-tipped micromanometer catheters (Millar Instru- 
ments Corp.; Model PC-350) to measure simultaneous 
left ventricular and pleural pressures. Pneumatic bal- 
loon occluders were placed around both vena cavae, and 
a pacing wire was sutured to the base of the right atrial 
appendage. The pericardium was left open and the thor- 
actomy incision was closed in layers following exteriori- 
zation of all instrumentation dorsal to the incision. 

Antibiotics were administered by intramuscular in- 
jection to all dogs prior to thoracotomy and instrumen- 
tation (gentamicin 2.5 mg/kg; procaine penicillin G 
400,000 units and dihydrostreptomycin sulfate equiva- 
lent to 25 mg/kg dihydrostreptomycin base per week). 
Antibiotic therapy was continued indefinitely in the 
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FiG. 1. The sonomicrometric crystals were placed to measure left ven 
tricular minor axis, major axis, and wall thickness dimensions. Th 
end-systolic pressure—dimension relationship was utilized in this stud 


by analysis of the instantaneously measured external minor axis di 
mension. 


control dogs and was discontinued immediately prior tc 
laparotomy and cecal ligation in the sepsis group. 


Protocol for Data Acquisition 


All of the animals were allowed to recover from thora 
cotomy for 7-10 days prior to acquisition of ccntro. 
data. The dogs were trained to lie on their right sides or 
a foam rubber pad in a quiet darkened room. Morphine 
sulphate (0.5 mg/kg subcutaneously) was routinely ad. 
ministered 1 hour prior to actual data acquisition 

Data acquisition was performed in the same manne! 
for all parts of the protocol. High-fidelity, transducer. 
tipped catheters were placed through the left atrial anc 
pleural introducers to measure left ventriculer anc 
pleural pressures, respectively. Myocardial dimension: 
including major axis, minor axis, and wall thizknes: 
were measured continuously by pulse-transit ultrasonic 
dimension transducers utilizing a Preise sonomicro- 
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mcter Pressure and dimension data were recorded si- 
mriteeously in analog form on magnetic tape (Vetter 
Mede A -ecording system, Rebersburg, PA) in the con- 
tco. state and during transient vena caval occlusions. 

Yera caval occlusions were performed to assess si- 
miurtareous myocardial pressure and dimension data 
oe a wide range of left ventricular filling pressures. 
T-ansient vena caval occlusions were well tolerated by 
te =xperimental animals, and their use has been fully 
descrited 1 previous assessments of left ventricular me- 
chaaic in awake animals.?’:*? Occlusions were per- 
foamed at varied heart rates (atrial pacing) at each step 
of tae >rozocol to allow comparison of end-systolic 
prcs.ur:—damension data obtained at similar heart rates. 

~Cllcvinz acquisition of control data, the dogs were 
divacedantc two groups. Ten dogs (control group) were 
reschiel under similar conditions utilizing the exact 
same deta acquisition techniques at varying time inter- 
val. Simultaneous pressure and dimension data were 
tecertec during transient vena caval occlusions at var- 
ied p.ced heart rates. The interval between the control 
3tucy ard follow-up study varied from 1 to 12 days 
“meat: 4 dars). 

A eccnd group of dogs (N = 8) had limited right 
ower quadrant transverse laparotomy after thiamylal 
zodiam (25 mg/kg) anesthesia and mechanical ventila- 
Mion The cecum, which is somewhat elongated in dogs, 
was igated aud perforated three times with an 18-gauge 
-—eed_e L-gatson was carried out such that bowel conti- 
—uit= was preserved. The laparotomy incision was 
z.osed in layers. The procedure took an average of 20 
minutes to complete and was very well tolerated by the 
zinwalk. 

At least ! day prior to laparotomy, the previously 
cescr-bad .intidiotic regimen was stopped. All dogs were 
sven | milion units of acqueous procaine penicillin G 
icramtscularry prior to cecal ligation and daily for 5 
smsecten davs to prevent Clostridial overgrowth. The 
Ees reve lowed only water ad libitum following cecal 
lization an-1 were hydrated daily with 75 mL/kg of nor- 
mal siae or the duration of the study. 

The cog were restudied at 3 and 5 days following 
ceal ligation under similar circumstances and utilizing 
th= sane te-hniques as described for control data acqui- 
sion. 2. essure and dimension data were recorded dur- 
inz tran:iert vena caval occlusions at various paced 
heart rates. All data were recorded in analog form on 
mz.znetic tabe for subsequent analysis. 

Hood cul ures were drawn on all dogs prior to study 
an at -~ anc 5 cays following cecal ligation. Blood cul- 
tucs w2r2 aso -andomly drawn on the control group 
antnals ct various intervals of study. Following data 
acœisiton cn tre fifth day after cecal ligation, the dogs 
wee kileji, and postmortem examinations were per- 
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formed. The hearts were removed, and ultrasonic tran 
ducer placement was confirmed in all dogs utilized ; 
this study. The abdomen was also routinely opened fi 
examination. 


Data Analysis 


Assessment of cardiac dimensions by ultrasonc 
graphic techniques is well described and has been den 
onstrated to be both accurate and consistent.?! Tt 
slope of the end-systolic pressure-volume relationshy 
as described by Sagawa et al. in the isolated heart, is a 
index of myocardial contractility that is insensitive 1 
changes in preload, afterload, and heart rate." 4- 
Simultaneous left ventricular pressure and extern: 
minor-axis dimension were utilized in this study fe 
end-systolic pressure~dimension determination 
thereby combining these two modalities. External minc 
axis was utilized exclusively in this analysis for sever 
reasons. It can be assessed directly with minimal inju 
to underlying myocardium?! and has been demor 
strated to correlate closely with simultaneous left ver 
tricular volumes.***? A review and validation of the us 
of the external minor axis in experimental and clinic: 
assessment of myocardial dimension changes has bee 
carried out.°° In addition, specific validation of the u: 
of the external minor axis dimension to assess the en 
systolic pressure—dimension relationship as an index « 
myocardial contractility has recently been completed. 
The sensitivity of the slope of this relationship 1 
changes in contractility and its insensitivity to chang: 
in loading conditions were both confirmed in the exa 
awake, closed-chest canine model utilized in the prese1 
study.“ Increases in heart rate, however, in the inta 
animal were found to increase the slope and dimensio1 
axis intercept of the end-systolic pressure/extern: 
minor axis dimension relationship. For this reaso1 
slope and dimension-axis intercept data obtained und 
control, time interval, and septic conditions were con 
pared at similar heart rates. 

Comparison of contractile function by assessment : 
the slope of the end-systolic pressure—dimension rel: 
tionship relies directly upon the definition of end-sy 
tole. In this investigation, end-systole was defined fi 
each beat at 10 milliseconds (ms) prior to peak negatis 
dp/dt. The end-systolic pressure-volume relationshi 
was Originally described by plotting points from the le 
upper corner of each of many pressure-volume loo} 
obtained over a varied range of end-systolic pre 
sure.*+-45.47-48 This left upper corner was demonstrate 
to occur most commonly at 8 + 3 (SD) ms prior to en 
ejection.** End ejection is best described by peak neg; 
tive dp/dt.°! We have, therefore, arbitrarily describe 
end-systole as occurring at 10 ms prior to peak negatiy 
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dp/dt on the basis of these studies. This description is 
easily applicable in computer analysis of digitalized 
pressure and dimension data and is consistent and accu- 
rate in the determination of the end-systolic pressure- 
dimension relationship in the instrumented, awake ca- 
nine.*® 

All data for this study were stored in analog form on 
FM tape and later converted to digital form at a rate of 
200 samples per second. All data analysis was performed 
by programs written specifically for end-systolic pres- 
sure—dimension analysis in Fortran-plus. The analysis 
was performed entirely on a PDP 11/23 computer. A 
representative computer printout demonstrating four 
channels of data from a typical study is demonstrated in 
Figure 2. 

Utilizing the aforementioned definition of end-sys- 
tole, simultaneous pressure and dimension (external 
minor axis) data at end-systole from each beat of every 
vena caval occlusion were computer-plotted. External 
minor axis length (mm) was computer-plotted on the 
abscissa with left ventricular pressure (mmHg) on the 
ordinate. A representative computer printout of plotted 
data utilized in this investigation is demonstrated in Fig- 
ure 3. A computer calculated line of best fit (by linear 
regression) is demonstrated along with the calculated 
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FIG. 2, A computer printout of the left ventricular pressure and di- 
mension data from a representative dog that was used in this study. All 
data analysis was performed by computer. 
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Fic. 3. A computer printout of plotted end-systolic pressure~dimen- 
sion data obtained from a single vena caval occlusion in one dog under 
control conditions. A line of best fit is described by the computer 
utilizing linear regression programs. The descriptors of that line in- 
cluding slope, dimension-axis intercept, and correlation coefficient (r 
value) are derived and printed adjacent to the raw data by the ccm- 
puter. The linearity of the end-systolic pressure-dimension relation- 
ship is well demonstrated. 


slope, dimension-axis intercept, and correlation coefh- 
cient (r value) for data obtained from a routine vena 
caval occlusion. Figure 3 is representative of the wide 
range of end-systolic pressure and dimension points as- 
sessed over each vena caval occlusion. The linearity is 
well demonstrated in this representative plot. Such 
computer plots allowed visualization of the data ob- 
tained from every vena caval occlusion performed in 
this study. 

To assess changes in myocardial contractile status 
after peritoneal sepsis, end-systolic pressure—dimension 
determinations were made in one group of dogs pricr to 
and at 3 and 5 days following cecal ligation. The slope cf 
the end-systolic pressure—-dimension data (contractile 
status) was compared between control determinations 
and those obtained following cecal ligation. Dimension- 
axis intercepts corresponding to each of the slopes were 
also compared. These comparisons were all made be- 
tween vena caval occlusions obtained at similar heart 
rates. Standard statistical methods for paired comzari- 
sons between linear regression data (one-way analysis of 
variance with repeated measures) were utilized. Similar 
statistical comparisons were made in a paired fashion 
between slope and dimension-axis intercept values for 
end-systolic pressure—dimension data obtained over 
varied time intervals (range: 1-12 days) in a ccntrol 
group of dogs. These comparisons were made to assess 
model stability over a time interval similar to that of the 
sepsis protocol. Correlation coefficients (r values) were 
computer calculated for each vena caval occlusion (end- 
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TABLE 1. The Influence of Sepsis on tze Descriptors of the 
End-systolic Pressure~Dimensioa PEANO 





End-Systolic 
Pressure- 
Dimension Sepsis 
Relationship 
(N = 8) Control 72 Hours 120 Hours 


Soe (mmHg/mm) 16.87 + 0.85 14,90 1.36 

I=inension-axis 
intercept (mm) 

42>felation 


coefficient (r) 


12.79 + 1.67 


49.09 + 2.04 47,74 191 47.91 + 2.39 


0.970 + 0.004 0.961 + 0.007 0.967 + 0.006 


“The deterioration in slope over the 120-hour peñod was significant by one- 
aay analysis of variance with repeated measures. D-mension-axis intercepts did 
“int Change significantly at any interval. The high mean correlation coefficients 
Faronstrate the consistent linearity of the end-systcic pressure-dimenson rela- 
ian- hip. All values are given as mean + SEM; comparisons are by one-way 
agaLsis of variance with pags measures. 


<sstolic pressure—dimension data) as 1 data check and to 
dc monstrate the linearity of the relatonship. 


Results 
Sqric Model Documentation 


Sepsis was well established in the group of dogs that 
kei cecal ligation. Overall they appeared to tolerate peri- 
toneal sepsis well, although all became progressively less 
acci~e as sepsis progressed. Blood cultures were obtained 
im all septic dogs prior to obtaining pressure and dimen- 
sim data at each interval of the stucy. and at random 
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DAYS FOLLOWING 
CECAL LIGATION 


FiG.< The mean slope (+SEM) of the end-systcic pressure~dimen- 
siontrl:tionship (mmHg/mm) as assessed during the control period 
and av 3 and 5 days following cecal ligation in eigEt dogs. *The down- 
warc end over time after cecal ligation is sigmficant by one-way 
anal~es of variance with repeated measures. 
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TABLE 2. The Influence of Time Intervals on the Descriptors of the 
End-systolic Pressure~-Dimension Relationship 


End-Systolic 
Pressure- Timed Interval 
Dimension (Mean; 4 days; 
Relationship Range; 1-12 
(N = 10) Baseline days) p Value 
Slope (mmHg/mm) 15.70 + 1.12 15.20 + 0.98 NS 
Dimension-axis 
intercept (mm) 46.60 + 1.86 45.29 + 2.26 NS 
Correlation 
coefficient (r) 0.962 + 0.003 0.966 + 0.009 — 


There were no significant changes in any of the descriptors in ten 
chronically instrumented dogs over timed intervals ranging from | to 
12 days (mean: 4 days). The relationship remained linear (r values) 
over time. All values are given as mean + SEM; comparisons are by 
one-way analysis of variance with repeated measures. 


intervals in the control dogs. Occasional aerobic gram- 
positive bacteria (staph aureus, streptococcus), which 
were considered to be skin contaminants, were cultured 
in the control group of dogs at various intervals and in 
the septic group of dogs during data acquisition prior to 
exploratory laparotomy and cecal ligation. 

In addition to these skin contaminants, multiple bac- 
terial species including several species of E coli, Pseudo- 
monas, Bacterioides fragilis, Enterobacter cloacae, and 
Enterococcus were grown from blood cultures taken 
from the septic group of dogs at 3 and 5 days following 
cecal ligation. Every blood culture drawn at these inter- 
vals in every septic dog was positive for at least one of 
these enteric flora. At postmortem examination 5 days 
following cecal ligation, evidence of diffuse peritonitis 
with loculated purulent collections surrounding the li- 
gated cecum was documented in all dogs. 


End-Systolic Pressure-Dimension Data 


The descriptors of the end-systolic pressure—dimen- 
sion relationship at each interval of the study in the 
septic group of dogs are shown in Table 1. The slope of 
this relationship decreased progressively following cecal 


ligation indicating a steady decrease in intrinsic myo- 


cardial contractility (Fig. 4). The mean slope (mmHg/ 
mm + SEM) decreased from the preseptic level of 16.87 
+ 0.85 to 14.90 + 1.36 at 72 hours following cecal liga- 
tion. At 120 hours (5 days) following cecal ligation, the 
mean slope value decreased significantly from control 
levels to a value of 12.79 + 1.67. By standard one-way 
analysis of variance with repeated measures this deterio- 
ration is statistically significant. Dimension-axis inter- 
cept values did not change significantly at any interval. 
In the control group of dogs, however, neither slope nor 
dimension-axis intercept (Table 2) were demonstrated 
to change significantly over the measured intervals. The 
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linearity of the end-systolic pressure-dimension rela- 
tionship was preserved over time with mean r values at 
both baseline and time interval study exceeding 0.962 
+ 0.003. 


Discussion 


The clinical relevance of data obtained in the experi- 
mental definition of myocardial systolic mechanics in 
septic animals is dependent upon appropriate experi- 
mental models. In vitro experimentation with isolated 
myocardial muscle is far removed from intact animal 
investigation. Previous experiments with isolated mus- 
cle preparations have used perfusion with cross-species 
septic sera>>!* or endotoxin.'?4 These investigations 
have, for the most part, demonstrated myocardial con- 
tractile depression although the results have been mixed. 
Despite the high accuracy of contractility assessment in 
preparations that allow control of preload, afterload, 
and contractile rate, the direct extension of data ob- 
tained in isolated muscle models to septic humans is 
questionable. 

A large body of experimental data has been obtained 
in models employing the acute administration of endo- 
toxin in the intact animal. Endotoxin models have en- 
joyed widespread use because of their ease of application 
and reproducibility. The shock state that results from 
endotoxin administration does not consistently repro- 
duce conditions commonly seen in human sepsis, and 
the application of observations made in endotoxin ani- 
mal studies to the clinical setting has been seriously 
questioned.'*'® Data derived from animal models in 
which peritoneal sepsis has been allowed to progress 


` over an appropriate interval, such as utilized in this in- 


vestigation, are most appropriately extended to the clin- 
ical setting.?®-4!-3 

Most investigations of myocardial contractility have 
been performed in acutely studied, anesthetized, and 
often open-chest animals, with or without circulatory 
support. 7~!!)13-14,17,19-30,36.52 Endotoxin administration 
has been the primary method of induction of sepsis. The 
results have varied, and comparisons are difficult be- 
cause of differing techniques. Nonetheless, most of these 
studies have demonstrated depression of myocardial 
function during artificially induced sepsis.’~!!)!3-!4!7- 
19-30,36,52 A nesthesia and open-thoracotomy’!*? are both 
known to alter hemodynamics. It is difficult to evaluate 
the influence these factors may have had on the results 
of these studies. 

In at least two investigations, myocardial contractility 
was acutely examined in closed-chest, awake ca- 
nines.**°? Myocardial contractility, however, was as- 
sessed in these two studies by ejection fraction, perfor- 
mance indices, or pressure-derived indices, all of which 
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are affected by the changes in preload, afterload, anc 
heart rate that are intrinsic to sepsis. Both of these stud- 
ies demonstrated depression of myocardial function as 
measured by these difficult to assess indices of myocar- 
dial performance. 

Systolic mechanics of the myocardium were assessed 
in this investigation by an index of contractility that ts 
highly sensitive to the intrinsic inotropic state of the 
heart and unaffected by alterations in preload and pe- 
ripheral vascular resistance. Control and septic dogs 
were compared at similar heart rates to eliminate heart 
rate as a variable. The stability of the chronically instru- 
mented canine preparation used in this study and the 
reproducibility of the end-systolic pressure-dimension 
relationship over time were tested in ten control ani- 
mals. No significant change in either slope or dimension 
axis intercept was demonstrated in paired comparisons 
over a mean time interval of 4 days (range: 1-12 days). 
The end-systolic pressure—dimension relationship, as 
assessed over the pressure and dimension ranges seen 
during transient vena caval occlusion, remained highly 
linear over time. We have, therefore, defined an im- 
proved experimental preparation for investigation of 
systolic myocardial mechanics under septic conditions. 
First, data were obtained from intact large laboratory 
animals studied in the awake, closed-chest state with 
intact primary circulation. Induction of a septic state 
was over an appropriate interval after the creation of a 
clinically applicable septic insult (peritonitis) rather 
than acute administration of endotoxin. Examination of 
the preseptic contractility was followed by intermittent 
examination of contractility as sepsis followed its natu- 
ral course. Finally, the assessment of intrinsic myocar- 
dial contractility during sepsis was by indices of myo- 
cardial contractility that were unaffected by the widely 
variant loading conditions seen in sepsis. 

The data gathered with this model clearly demon- 
strated a downward trend in intrinsic myocardial con- 
tractility assessed over 72- and 120-hour intervals fol- 
lowing cecal ligation (Fig. 4). Although the 72-hour 
mean slope was not significantly different from control 
values by one way analysis of variance, it demonstrated 
an early, definite trend. The overall deterioration in 
mean slope documented at two intervals over 120 hours 
following cecal ligation was statistically significant by 
one-way analysis of variance with repeated measures. 
The dimension-axis intercepts were not significantly 
different at any interval (septic or not) in this study. This 
once again demonstrates the consistency, reproducibil- 
ity, and applicability of the end-systolic pressure-di- 
mension relationship in which changes in inotropy are 
heralded only by isolated changes in slope. 

The clinical application of conclusions drawn from 
data obtained from animal models may be entirely ap- 
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propriate. The ideal assessment, however, of the re- 
sponse of the human myocardium to sepsis is made in 
the septic human being. The septic canine model used in 
this study represents a close laboratory approximation 
of clinical human sepsis. The advantage of this model 
over investigations in septic humans is the extreme ac- 
curacy of the direct assessment of left ventricular di- 
mensions and pressures. Variations of the end-systolic 
pressure-dimension relationship have been applied in 
humans, although the broad range of pressure-dimen- 
sion data assessed in this study by vena caval occlusions 
is difficult to reproduce in the clinical environment. 
Nonetheless, consistent, reproducible assessment of 
end-systolic indices of ventricular function has been 
performed in humans*** and clearly deserves applica- 
tion to the septic patient. 
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Medicine: Preserving the Passion. Phil R. Manning and Lois 
DeBakey. 297 pp. New York: Springer-Verlag. 1987. $35.00. 


THE PURPOSE OF THIS BOOK is to advise physicians how they 
may live their lives and conduct themselves so as to preserve 
their passion for the profession of medicine. In general, the 
volume makes the point that if one combines compassionate 
patient contact with lifelong education, a physician should 
never get bored nor lose his enthusiasm and excitement for his 
profession and his patients. The approach is not purely philo- 
sophical. It is supplemented with numerous essays by noted 
physicians and with innumerable quotations aptly brought 
into play by both the editors and contributors. Each essay is 
preceded by a brief biographical sketch of the author, giving 


the reader a sense of the essayist. The essays and the editorial. 


matter combine to give numerous suggestions on how one 
should maintain lifelong medical education. For example, the 
book discusses a system of record-keeping on cards, and sev- 
eral systems of keeping up with pertinent literature. Great em- 
phasis is placed on having a study or medical information 
center of one’s own, where reprints and references can be kept 
in an orderly manner, so that they may be obtained quickly 
without one’s needing to go to a library. The more modern 
methods of data management with computers are discussed, 
but not emphasized to the extent that some modern librarians 
would emphasize them. 

Other methods of maintaining education that are covered in 
this book include dinner clubs, a journal club, departmental 
and other luncheons, rounds, lectures, seminars, travel, corre- 
spondence, and contacting colleagues about particular cases or 
issues, Due consideration is given to the importance of select- 
ing a few subjects on which to focus and in which one can 
thereby become expert. Emphasis is also placed on sequester- 
ing certain hours of the week to use and maintain one’s medi- 
cal information center and to read or browse in medical li- 
braries. The essayists also emphasize the importance of the 
modern contributions of medical librarians and of direct com- 
munication with these learned individuals. 

Because the ideas of some of the essayists overlap, it is prob- 
ably fair to say that the book is not as great as the sum of its 
parts. Nevertheless, it has several immensely valuable parts 
and is highly recommended for both complete and selected 
reading. It is likely that in no other book can one find better 
recommendations on the means of self-education than from 
these two distinguished editors, and from Dr. Michael DeBa- 
key, Dr. J. Willis Hurst, Dr. Eugene Braunwald, Dr. Philip A. 
Tumulty, Dr. Joshua Lederberg, Dr. Sherman M. Mellinkoff, 
Dr. Eugene A. Stead, Jr., Dr. Norton J. Greenberger, Dr. Ian 
R. Mackay and Dr. A. McGehee Harvey. 

If there is any drawback to the book, it is that it proposes so 
many systems of self-education that one might lose one’s way 
in attempting to pursue too many of them. For a person with a 
busy community practice, the suggestion that adequate time 
be left for one’s family must seem to have been made almost 
with tongue in cheek. What is not referred to directly is the fact 
that many of the essayists must have accomplished all that 
they have accomplished because they were able to get along 


with four to six hours sleep. This, nevertheless, strengthens 
one’s admiration for them and one’s appreciation of how 
much they have been able to dedicate to medicine. 


JONATHAN E. RHOADS, M.D. 
Philadelphia, Pennsylvania 


Atlas of General Thoracic Surgery Mark M. Ravitch and Feli- 
cien M. Steichen. 413 pp. Philadelphia: W. B. Saunders Co. 
1987. $145.00. 


ATLAS OF GENERAL THORACIC SURGERY by Ravitch and 
Steichen is an outstanding collection of illustrations and de- 
scriptions of thoracic surgical technique. It is the clarity and 
precision of the artwork by the Master Medical Illustrator, Mr. 
Leon Schlossberg, that makes this book so valuable to the 
practicing thoracic surgeon. The work is a collage of previously 
illustrated material (e.g., from Ravitch’s classic Congenital 
Deformities of the Chest Wall and Their Operative Correction, 
Philadelphia: W. B. Saunders, 1972), as well as of many en- 
tirely new sections, including step by step colored drawings of 
techniques of pulmonary resection and esophageal operations. 
There is an excellent section on the variety of muscle and 
myocutaneous flaps being used with increasing frequency in 
thoracic surgery (e.g., pectoralis major and rectus abdominis 
flaps for management of sternal wound complications after 
cardiac surgery, and the latissimus dorsi flap), and a thorough 
depiction of methods of chest wall reconstruction (e.g., un- 
supported Marlex, Marlex supported by autogenous rib grafts, 
and Marlex-acrylic prosthesis). Hermes Grillo’s chapter on the 
Trachea is superb, combining the technical expertise of the 
foremost tracheal surgeon with the elegance of Schlossberg’s 
drawings, depicting virtually every aspect of tracheal surgery 
from a tracheostomy to a suprahyoid laryngeal release, to a 


. subglottic tracheal resection, to a complex carinal reconstruc- 


tion. 

This book covers the gamut of general thoracic surgery, 
from chest tube insertion and opening and closing of the chest, 
to thoracoplasty and the most complex pulmonary and esoph- 
ageal operations. The attempt to be so all-inclusive, however, 
has both positive and negative aspects. It is refreshing to.see so 
many of the “nuts and bolts” operations of true general tho- 
racic surgery (¢.g., subxyphoid pericardial drainage, transperi- 
cardial approach to the right mainstem bronchus, pleural tent, 
superior sulcus tumor resection, bronchial sleeve resection, 
segmental pulmonary resection, Eloesser flap, decortication, 
and approaches to injuries of the great vessels) described so 
well in a single reference. On the other hand, the 45 pages 
devoted to routine thoracic incisions are tedious and probably 
excessive for most of the more experienced thoracic surgeons 
who will refer to this book. Contained within this section, for 
example, are a number of the authors’ personal biases, such as 
performing a posterolateral thoracotomy through the bed of 
the unresected rib and removing segments of two ribs, or clos- 
ing the chest by overlapping the ribs, which might well increase 
postoperative intercostal neuralgia. 

There are also some organizational problems with the book. 
The text begins with a chapter on Anatomy, which contains 
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three drawings of the torso. Then scattered throughout the 
book are other separate sections that also seem best suited for 
the Anatomy chapter (e.g., the Thoracic Skeleton, pp. 
157-159, the Diaphragm, pp. 88-89, anatomy and compart- 
ments of the mediastinum, p. 183, and segmental anatomy of 
the lung, pp. 189-193). It is also unclear why the chapter on 
Diaphragm, pp. 88-106, contains the section on thoracic out- 
let syndrome and sypathectomy. , 

The last chapter of the book is devoted to the esophagus, and 
reflecting the authors’ well-known advocacy of surgical sta- 
pling devices, illustrates virtually every conceivable method 
and variation of stapled esophageal anastomoses, using the 
GIA, EEA, and TA instruments. More emphasis, perhaps, 
could have been placed on the proper technique for construct- 
ing an anastomosis by manual suturing. The illustrations of 
cervical esophagogastrostomy after transhiatal esophagectomy 
show the operation being performed through a right cervical 
incision. The cervical esophagus lies behind and to the /eft of 
the trachea and is always easier to approach from the left side 
of the neck. The Nissen fundoplication is described as being 
constructed without a dilator within the esophagus and so that 
there is room afterwards in the wrap for a 34 French bougie 
alongside the nasogastric tube and the surgeon’s fifth finger. 
Most esophageal surgeons now prefer construction of the fun- 
doplication over a 50 French or larger bougie to prevent ex- 
cessive narrowing of the distal esophagus and postoperative 
dysphagia. Similarly, the section on the combined Collis-Nis- 
sen operation describes construction of the Collis tube without 
an intraesophageal dilator, and-once the tube is complete, di- 
lating any stricture present to a 32 or 34 French bougie. This is 
not the procedure most often recommended. Strictures, if 
present, should be dilated first to the 54-60 French range, and 
with one of these large dilators still within the esophagus to 
prevent undue narrowing, the gastroplasty tube is constructed. 
The placement of the posterior crural sutures (p. 399, C-bot- 
tom right) is not well-illustrated, as the sutures appear anterior, 
rather than posterior, to the esophagus after reduction of the 
fundoplication into the abdomen. Finally, a thoracic esopha- 
gomyotomy for achalasia is depicted, without illustrating any 
of associated antireflux procedures that are advocated by 
many. 

Atlas of General Thoracic Surgery is an outstanding addition 
to the thoracic surgeon’s library. It is as magnificently illus- 
trated a compendium of general thoracic operations as is avail- 
able in print. It will likely become a standard reference for 
thoracic surgeons to review before undertaking any of a num- 
ber of major operations that are performed relatively infre- 
quently but for which a clear idea of the operative steps is 
essential for a successful outcome. 


MARK B. ORRINGER, M.D. 
Ann Arbor, Michigan 
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Patient Care in Vascular Surgery 2nd Ed. John W. Hallett, Jr., 
David C. Brewster, and R. Clement Darling. 307 pp. Boston: 
Little, Brown and Co. 1987. $22.50. 


THE SECOND EDITION OF Patient Care in Vascular Surgery has 
been written primarily to provide students, residents, and 
nurses with a concise reference book for common peripheral 
vascular problems. The authors have achieved this goal in ex- 
emplary fashion. Although the information provided in this 
book is too broad-based to be of great benefit to vascular sur- 
geons and vascular surgery fellows, it is a superb reference 
book for general surgery residents and nurses involved in the 
management of vascular surgery patients. 

The first two chapters of this book cover the basic concepts 
of arterial and venous disease; the next six chapters delineate 
the physiology of the vascular system and provide the basis for 
accurate interpretation of the vascular examination. The 
chapter on vascular radiology is particularly helpful since it 
advises the reader on the specific radiologic study to be ordered 
for the suspected disease process. It also provides comments 
regarding ways in which one can minimize risk to the patient 
through appropriate preangiographic preparation. 

Perioperative management is adequately covered in the 
chapters relating to anesthesia and perioperative vascular 
monitoring. Especially beneficial is the chapter on early post- 
operative care, which provides a simplified, yet adequate, sum- 
mary of the postoperative physiologic changes occurring in the 
early postoperative period. Additionally, the discussion of spe- 
cific postoperative problems and their management is 
straightforward and should prove very helpful to the house 
officer novice. 

The remainder of the book is devoted to the discussion cf 
specific arterial and venous problems. Although the reader is 
initially disappointed with the meager discussion of the actual 
operative procedures, one must realize that the house officer :s 
generally not concerned with the technique of surgery as much 
as with the perioperative decision of who requires surgery and 
how one should manage the perioperative care of the vascular 
patient. Indeed, the discussion of these latter two areas is the 
greatest value of this book. The authors, who are experienced 
and highly qualified vascular surgeons, provide a simplified 
and practical approach to judgment and decision-making for 
each of the major vascular problems. There is a thorough dis- 
cussion of the common perioperative complications that 
might occur, with suggestions regarding immediate manage- 
ment of these problems. 

Patient Care in Vascular Surgery (2nd Ed.) is a superb 
handbook on the management of the vascular surgery patient. 
It should provide valuable help as a quick reference for any 
house officer or nurse assigned to a vascular surgery service. 


LARRY H. HOLLIER, M.D. 
New Orleans, Louisiana 
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ANNALS OF SURGERY is a monthly journal which considers 
for publication original articles in the field of surgery. It is the 
oldest continuously published journal in the English language 
solely devoted to the surgical sciences. The Editorial Board con- 
siders only papers judged to offer significant contributions to 
the advancement of surgical knowledge. 

CONTRIBUTIONS. Four typed copies of the manuscript and 
four copies of the illustrations should be sent prepaid to the 
Chairman of the Editorial Board of Annals of Surgery. 
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Annals of Surgery has joined a number of other leading Med- 
ical Journals which endorse the “Uniform Requirements for 
Manuscripts Submitted to Biomedical Journals.” These Re- 
quirements were established by an agreement among a number 
of Editors of Clinical Journals in the United States, Canada and 
the United Kingdom. The Criteria for preparation of manuscripts 
are as follows: 


SUMMARY OF REQUIREMENTS 


Type manuscript double spaced, including title page, abstract, 
text, acknowledgments, references, tables, and legends. 

Each manuscript component should begin on a new page, 
in this sequence: 

Title page 

Abstract and key words 

Text 

Acknowledgments 

References 

Tables: each table, complete with title and footnotes, on a 

separate page 

Legends for illustrations 

Illustrations must be good quality, unmounted glossy prints 
usually 12.7 by 17.3 cm (5 by 7 in.) but no larger than 20.3 by 
25.4 cm (8 by 10 in.). 

Submit the required number of copies of manuscript and 
figures (see journal’s instructions) in heavy-paper envelope. 
Submitted manuscript should be accompanied by covering letter, 
as described under “Submission of Manuscripts,” and permis- 
sions to reproduce previously published materials or to use il- 
lustrations that may identify subjects. 

Follow journal’s instructions for transfer of copyright. 

Authors should keep copies of everything submitted. 


PREPARATION OF MANUSCRIPT 


Type manuscript on white bond paper, 20.3 by 26.7 cm or 
21.6 by 27.9 cm (8 by 10% in. or 8% by 11 in.) or ISO A4 (212 
by 297 mm) with margins of at least 2.5 cm (1 1n.). Use double 
spacing throughout, including title page, abstract, text, acknowl- 
edgments, references, tables, and legends for illustrations. Begin 
each of the following sections on separate pages: title page, 
abstract and key words, text, acknowledgments, references, in- 


dividual tables, and legends. Number pages consecutively, be- 
ginning with the title page. Type the page number in the upper 
right-hand corner of each page. 

Manuscripts will be reviewed for possible publication with 
the understanding that they are being submitted to one journal 
at a time and have not been published, simultaneously submitted, 
or already accepted for publication elsewhere. This does not 
preclude consideration of a manuscript that has been rejected 
by another journal or of a complete report that follows publi- 
cation of preliminary findings elsewhere, usually in the form of 
an abstract. Copies of any possibly duplicative published material 
should be submitted with the manuscript that is being sent for 
consideration. 


TITLE PAGE 

The title page should contain [1] the title of the article, which 
should be concise but informative; [2] a short running head or 
footline of no more than 40 characters (count letters and spaces) 
placed at the foot of the title page and identified; [3] first name, 
middle initial, and last name of each author, with highest ac- 
ademic degree(s); [4] name of department(s) and institution(s) 
to which the work should be attributed; [5] disclaimers, if any; 
{6] name and address of author responsible for correspondence 
about the manuscript; [7] name and address of author to whom 
requests for reprints should be addressed, or statement that 
reprints will not be available from the author; [8] the source(s) 
of support in the form of grants, equipment, drugs, or all of 
these. 


ABSTRACT AND KEY WORDS 

The second page should carry an abstract of not more than 
150 words. The abstract should state the purposes of the study 
or investigation, basic procedures (study subjects or experimental 
animals and observational and analytic methods), main findings 
(give specific data and their statistical significance, if possible), 
and the principal conclusions. Emphasize new and important 
aspects of the study or observations. Use only approved abbre- 
viations (see list of Commonly Used Approved Abbreviations 
elsewhere in this document). 

Key (indexing) terms: Below the abstract, provide and identify 
as such, three to 10 key words or short phrases that will assist” 
indexers in cross-indexing your article and that may be published 
with the abstract. Use terms from the Medical Subject Headings 
list from Index Medicus whenever possible. 


TEXT 

The text of observational and experimental articles is usually— 
but not necessarily—divided into sections with the headings 
Introduction, Methods, Results, and Discussion. Long articles 
may need subheadings within some sections to clarify their con- 
tent, especially the Results and Discussion sections. Other types 
of articles such as case reports, reviews, and editorials are likely 
to need other formats, and authors should consult individual 
journals for further guidance. 

Introduction: Clearly state the purpose of the article. Sum- 
marize the rationale for the study or observation. Give only 
strictly pertinent references, and do not review the subject ex- 
tensively. 


NOTICE TO CONTRIBUTORS AND SUBSCRIBERS 


Methods: Describe your selection of the observational or ex- 
perimental subjects (patients or experimental animals, including 
controls) clearly. Identify the methods, apparatus (manufac- 
turer’s name and address in parentheses), and procedures in 
sufficient detail to allow other workers to reproduce the results. 
Give references to established methods, including statistical 
methods; provide references and brief descriptions of methods 
that have been published but are not well known; describe new 
or substantially modified methods, give reasons for using them, 
and evaluate their limitations. 

When reporting experiments on human subjects, indicate 
whether the procedures followed were in accord with the ethical 
standards of the Committee on Human Experimentation of the 
institution in which the experiments were done or in accord 
with the Helsinki Declaration of 1975. When reporting exper- 
iments on animal subjects, indicate whether the institution’s or 
the National Research Council’s guide for the care and use of 
laboratory animals was followed. Identify precisely all drugs and 
chemicals used, including generic name(s), dosage(s), and route(s) 
of administration. Do not use patients’ names, initials, or hospital 
numbers. 

Include numbers of observations and the statistical significance 
of the findings when appropriate. Detailed statistical analyses, 
mathematical derivations, and the like may sometimes be suit- 
ably presented in the form of one or more appendixes. 

Results: Present your results in logical sequence in the text, 
tables, and illustrations. Do not repeat in the text all the data 
in the tables and/or illustrations: emphasize or summarize only 
important observations. 

Discussion: Emphasize the new and important aspects of the 
study and conclusions that follow from them. Do not repeat in 
detail data given in the Results section. Include in the Discussion 
the implications of the findings and their limitations and relate 
the observations to other relevant studies. Link the conclusions 
with the goals of the study but avoid unqualified statements 
and conclusions not completely supported by your data. Avoid 


claiming priority and alluding to work that has not been com- © 
pleted. State new hypotheses when warranted, but clearly label — 


them as such. Recommendations, when appropriate, may be 
included. 
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Number references consecutively in the order in which they 
are first mentioned in the text. Identify references in text, tables, 
and legends by arabic numerals (in parenthesis). References 
cited only in tables or in legends to figures should be numbered 
in accordance with a sequence established by the first identi- 
fication in the text of the particular table or illustration. 

Use the form of references adopted by the U.S. National 
Library of Medicine and used in Index Medicus. Use the style 
of the examples cited at the end of this section, which have 
been approved by the National Library of Medicine. 

The titles of journals should be abbreviated according to the 
style used in Index Medicus. A list of abbreviated names of 
frequently cited journals is given near the end of this document; 
for others, consult the “List of Journals Indexed,” printed an- 
nually in the January issue of Index Medicus. 

Try to avoid using abstracts as references; “unpublished ob- 
servations” and “personal communications” may not be used 
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as references, although references to written, not verbal, com- 
munications may be inserted (in parentheses) in the text. Include 
among the references manuscripts accepted but not yet pub- 
lished; designate the journal followed by “in press” (in paren- 
theses). Information from manuscripts submitted but not yet 
accepted should be cited in the text as “unpublished observa- 
tions” (in parentheses). 

The references must be verified by the author(s) against the 
original documents. 
Examples of correct forms of references are given below. 


Journal 


1. Standard Journal Article (List all authors when six or less; when 
seven or more, list only first three and add et al.) 

Soter NA, Wasserman SI, Austen KF. Cold urticaria: release 
into the circulation of histamine and eosinophil chemotactic 
factor of anaphylaxis during cold challenge. N Engl J Med 1976; 
294:687-90. 

2. Corporate Author 
The Committee on Enzymes of the Scandinavian Society for 
Clinical Chemistry and Clinical Physiology. Recommendec 
method for the determination of gammaglutamyltransferase in 
blood. Scand J Clin Lab Invest 1976; 36:119-25. 
Anonymous. Epidemiology for primary health care. Int J Ep- 
idemiol 1976; 5:224-5. 


Books and Other Monographs 

3. Personal Author(s) 
Osler AG. Complement: mechanisms and functions. Englewood 
Cliffs: Prentice-Hall, 1976. 

4. Corporate Author 
American Medical Association Department of Drugs. AMA drug 
evaluations. 3rd ed. Littleton: Publishing Sciences Group, 1977. 

5. Editor, Compiler, Chairman as Author 
Rhodes AJ, Van Rooyen CE, comps. Textbook of virology: for 
students and practitioners of medicine and the other health 
sciences. 5th ed. Baltimore: Williams & Wilkins, 1968. 

6. Chapter in Book 
Weinstein L, Swartz MN. Pathogenic properties of invading 
microorganisms. In: Sodeman WA Jr, Sodeman WA, eds. 
Pathologic physiology: mechanisms of disease. Philadelphia: W3 
Saunders, 1974:457-71. 

7. Agency Publication 
National Center for Health Statistics. Acute conditions: incidence 
and associated disability, United States July 1968-June 1969. 
Rockville, Md.: National Center for Health Statistics, 1972. (Vital 


and health statistics. Series 10: Data from the National Health 
Survey, no. 69) (DHEW publication no. (HSM)72-1036). 


Other Articles 
8. Newspaper Article 
Shaffer RA. Advances in chemistry are starting to unlock mys- 
teries of the brain: discoveries could help cure alcoholism and 
insomnia, explain mental illness. How the messengers work. 
Wall Street Journal 1977 Aug 12:1(col. 1), 10(col. 1). 
9. Magazine Article 


Roueché B. Annals of medicine: the Santa Claus culture. The 
New Yorker 1971 Sep 4:66-81. 


TABLES 

Type each table on a separate sheet: remember to double 
space. Do not submit tables as photographs. Number tables 
consecutively and supply a brief title for each. Give each column. 
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a short or abbreviated heading. Place explanatory matter in 
footnotes, not in the heading. Explain in footnotes all non- 
standard abbreviations that are used in each table. For footnotes, 
use the following symbols in this sequence: *, +, £, §, ||, 1, **, 
TT. . . . Identify statistical measures of variations such as SD 
and SEM. 

Omit internal horizontal and vertical rules. 

Cite each table in the text in consecutive order. 

If you use data from another published or unpublished source, 
obtain permission and acknowledge fully. 

Having too many tables in relation to the length of the text 
may produce difficulties in the layout of pages. Examine issues 
of the journal to which you plan to submit your manuscript to 
estimate how many tables to use per 1000 words of text. 

The editor on accepting a manuscript may recommend that 
additional tables containing important backup data too extensive 
to be published may be deposited with the National Auxiliary 
Publications Service or made available by the author(s). In that 
event, an appropriate statement will be added to the text. Submit 
such tables for consideration with the manuscript. 


ILLUSTRATIONS l 

Black-and-white illustrations and tabular material will be 
published free in moderate numbers. Excess illustrations, excess 
tabular material, and all color illustrations will be charged to 
the author. Submit the required number of complete sets of 
figures. Figures should be professionally drawn and photo- 
graphed; freehand or typewritten lettering is unacceptable. In- 
stead of original drawings, roentgenograms, and other material, 
send sharp, glossy black-and-white photographic prints, usually 
12.7 by 17.3 cm (5 by 7 in.) but no larger than 20.3 by 25.4 
cm (8 by 10 in.), Letters, numbers, and symbols should be clear 
and even throughout, and of sufficient size that when reduced 
for publication each item will still be legible. Titles and detailed 
explanations belong in the legends for illustrations, not on the 
illustrations themselves. | 

Each figure should have a label pasted on its back indicating 
the number of the figure, the names of the authors, and the top 
of the figure. Do not write on the back of the figures or mount 
them on cardboard, or scratch or mar them using paper clips. 
Do not bend figures. 

Photomicrographs must have internal scale markers. Symbols, 
arrows, or letters used in the photomicrographs should contrast 
with the background. 

If photographs of persons are used, either the subjects must 
not be identifiable or their pictures must be accompanied by 
written permission to use the photograph. 

Cite each figure in the text in consecutive order. If a figure 
has been published, acknowledge the original source and submit 
written permission from the copyright holder to reproduce the 
material. Permission is required, regardless of authorship or 
publisher, except for documents in the public domain. 

For illustrations in color, supply color negatives or positive 
transparencies and, when necessary, accompanying drawings 
marked to indicate the region to be reproduced; in addition, 
send two positive color prints to assist editors in making rec- 
ommendations. 


LEGENDS FOR ILLUSTRATIONS 

"Type legends for illustrations double spaced, starting on a 
separate page with arabic numerals corresponding to the illus- 
trations. When symbols, arrows, numbers, or letters are used 
to identify parts of the illustrations, identify and explain each 
one clearly in the legend. Explain internal scale and identify 
method of staining in photomicrographs. 


NOTICE TO CONTRIBUTORS AND SUBSCRIBERS 


ABBREVIATIONS 


Use only standard abbreviations (see below for lists of comi- 
monly used approved abbreviations). Consult the following 
sources for additional standard abbreviations: [1] CBE Style 
Manual Committee. Council of Biology Editors style manual: 
a guide for authors, editors, and publishers in the biological 
sciences. 4th ed. Arlington: Council of Biology Editors, 1978; 
and [2] O’Connor M, Woodford FP. Writing scientific papers 
in English: an ELSE-Ciba Foundation guide for authors. Am- 
sterdam, Oxford, New York: Elsevier-Excerpta Medica, 1975. 
Avoid abbreviations in the title. The full term for which an 
abbreviation stands should precede its first use in the text unless 
it is a standard unit of measurement. 

In most countries the International System of Units (SI) is 
standard or is becoming so. Report measurements in the units 
in which they were made. Journals may use these units, convert 
them to another system, or use both. 


COMMONLY USED APPROVED ABBREVIATIONS 


Standard Units of Measurement 


Abbreviation 

Term or Symbol 
ampere A 
Angstrom A 
bam b 
candela cd 
coulomb C 
counts per minute cpm 
counts per second cps 
curie Ci 
degree Celsius °C 
disintegration per minute dpm 
disintegration per second dps 
electron Volt : eV 
equivalent Eq 
farad F 
gauss G 
gram 3 
henry H 
hertz Hz 
hour h 
international unit IU 
joule J 
kelvin K 
kilogram kg 
liter, litre lorL 
meter, metre m 
minute min 
molar M 
mole mol 
newton N 
normal (concentration) N 
ohm — Q 
osmol ~ osmol 
pascal Pa 
revolutions per minute rpm 
second s 
square centimeter cm? 
volt v 
watt wW 
week wk 
year yr 
Combining Prefixes 
tera- (10°) T 
giga a0) G 
mega (09 M 
kilo- ae) k 
hecto- ae h 
deca (10) da 
deci (a0) d 
centi- a93 c 


milli- 
micro- 
nano- 
pico- 
femto- 
atto- 


Statistical Terms 


correlation coefficient 
degrees of freedom 

mean 

not significant 

number of observations 
probability 

standard deviation 
standard error of the mean 
“Student's” t test 

variance ratio 


Others 


adenosinediphosphatase 

adenosine 5’-diphosphate (adenosine diphosphate) 

adenosine 5’-monophosphate (adenosine 
monophosphate, adenylic acid) 

adenosine triphosphatase 

adenosine 5’-triphosphate (adenosine triphosphate) 

adrenocorticotropic hormone (adrenocorticotropin) 

bacille Calmette-Guérin 

basal metabolic rate 

body temperature, pressure, and saturated 

central nervous system 

coenzyme A 

deoxyribonucleic acid (deoxyribonucleate) 

dihydroxyphenethylamine 

electrocardiogram 

electroencephalogram 

enteric cytopathogenic human orphan (virus) 

ethyl 

ethylenediaminetetraacetate 

gas-liquid chromatography 

guanosine 5’-monophosphate (guanosine 
monophosphate, guanylic acid’ 

hemoglobin 

logarithm {to base 10; common logarithm) 

logarithm, natural 

methyl 

Michaelis constant 

negative logarithm of hydrogen ion activity 

partial pressure of CO, 

partial pressure of O; 

per 

percent 

radiation (ionizing, absorbed doss) 

respiratory quotient 

specific gravity 

standard atmosphere 

standard temperature and pressure 

ultraviolet 

volume 

volume ratio (volume per volume) 

weight 

weight per volume 

weight ratio (weight per weight) 


ABBREVIATIONS OF NAMES OF FREQUENTLY CITED JOURNALS 


Acta Medica Scandinavica 

American Family Physician 

American Heart Journal 

American Journal of Cardiology 
American Journal of Clinical Nutrition 
American Journal of Clinical Pathology 
American Journal of Digestive Diseases 
American Journal of Diseases of Children 
American Journal of Human Genetics 
American Journal of the Medical Sciences 
American Journal of Medicine 

American Journal of Obstetrics and Gynecology 
American Journal of Ophthalmology 
American Journal of Pathology 
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(10%) 
(10%) 
(10*) 
(107!) 
(109 f 
com’) a 


ad re 


coA 
DNA 
dopamine 
ECS 
EEG 
ECHO 

Et 

EDTA 
GLC 


GMP 
Hb 
log 


STP 


vol/vol 
wt 
wt/vol 
wt/wt 


Acta Med Scand 
Am Fam Physician 
Am Heart J 

Am J Cardiol 

Am } Clin Nutr 
Am J Clin Pathol 
Am J Dig Dis 

Am J Dis Child 
Am J Hum Genet 
Am J Med Sci 

Am J Med 

Am J Obstet Gynecol 
Am J Ophthalmol 
Am J Pathol 


American Journal of Physical Medicine 
American Journal of Physiology 

American Journal of Psychiatry 

American Journal of Public Health 

American Journal of Roentgenology 

American Journal of Surgery 

American Journal of Tropical Medicine and Hygiene 
American Review of Respiratory Disease 
Anaesthesia 

Anesthesiology 

Annals of Allergy 

Annals of Internal Medicine 

Annals of Otology, Rhinclogy and Laryngology 
Annals of Surgery 

Annals of Thoracic Surgery 

Archives of Dermatology 

Archives of Environmental Health 

Archives of General Psychiatry 

Archives of Internal Medicine 

Archives of Neurology 

Archives of Ophthaimology 

Archives of Otolaryngolozy 

Archives of Pathology and Laboratory Medicine 
Archives of Physical Medicine and Rehabilitation 
Archives of Surgery 

Arthritis and Rheumatism 

Blood; Journal of Hematology 

Brain; Journal of Neurology 

British Heart Journal 

British Journal of Obstetrics and Gynaecology 
British Journal of Radiology 

British Journal of Surgery 

British Medical Journal 

Canadian Journal of Public Health 

Canadian Medical Association Journal 

Cancer 

Chest 

Circulation; Journal of the American Heart Association 
Circulation Research 

Clinical Pediatrics 

Clinical Pharmacology and Therapeutics 
Clinical Science and Molecular Medicine 
Clinical Toxicology 

Diabetes 

DM, Disease-a-Month 

Endocrinology 

Gastroenterology 

Geriatrics 

Gut 

Human Pathology 

Investigative Radiology 

JAMA; Journal of the American Medical Association 
Journal of Allergy and Clinical Immunology 
Journal of Applied Physiology 

Journal of Biological Chemistry 

Journal of Bone and Jomt Surgery; American Volume 
Journal of Bone and Joint Surgery; British Volume 
Journal of Clinical Endocrinology and Metabolism 
Journal of Clinical Investigation 

Joumal of Clinical Pathology 

Journal of Experimental Medicine 

Journal of Gerontology 

Journal of Immunology 

Journal of Infectious Diseases 

Journal of Investigative Dermatology 

Journal of Laboratory and Clinical Medicine 
Journal of Laryngology and Otology 

Journal of Medical Education 

Journal of Nervous and Mental Disease 

Journal of Neurosurgery 

Journal of Pathology 

Journal of Pediatrics 

Journal of Physiology 

Journal of Thoracic and Cardiovascular Surgery 
Journal of Trauma 

Journal of Urology 

Lancet 

Medical Clinics of North America 

Medical Letter on Drugs and Therapeutics 
Medicine (Baltimore) 

New England Journal of Medicine 
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Am J Phys Med 

Am J Physiol 

Am J Psychiatry 

Am J Public Health 
AJR 

Am J Surg 

Am J Trop Med Hyg 
Am Rev Respir Dis 
Anaesthesia 
Anesthesiology 

Ann Allergy 

Ann Intern Med 
Ann Otol Rhinol Laryngol 
Ann Surg 

Ann Thorac Surg 
Arch Dermatol 

Arch Environ Health 
Arch Gen Psychiatry 
Arch Intern Med 
Arch Neurol 

Arch Ophthalmol 
Arch Otolaryngol 
Arch Pathol Lab Med 
Arch Phys Med Rehabil 
Arch Surg 

Arthritis Rheum 
Blood 

Brain 

Br Heart J 

Br J Obstet Gynaecol 
Br J Radiol 

Br J Surg 

Br Med J 

Can J Public Health 
Can Med Assoc J 
Cancer 

Chest 

Circulation 

Cire Res 

Clin Pediatr (Phila) 
Clin Pharmaco! Ther 
Clin Sci Mol Med 
Clin Toxicol 


_ Diabetes 


DM 

Endocrinology 
Gastroenterology 
Geriatrics 

Gut 

Hum Pathol 

Invest Radiol 

JAMA 

J Allergy Clin Immunol 
J Appl Physiol 

J Biol Chem 

J Bone Joint Surg [Am] 
J Bone Joint Surg [Br] 
J Clin Endocrinol Metab 
J Clin Invest 

J Clin Pathol 

J Exp Med 

J Gerontol 

J Immunol 

J Infect Dis 

J Invest Dermatol 

J Lab Clin Med 

J Laryngol Otol 

J Med Educ 

J Nerv Ment Dis 

J Neurosurg 

J Pathol 

J Pediatr 

J Physiol 

J Thorac Cardiovase Surg 
J Trauma 

J Urol 

Lancet 

Med Clin North Am 
Med Lett Drugs Ther 
Medicine (Baltimore) 
N Engi J Med 


22A 


Obstetrics and Gynecology Obstet Gynecol 
Pediatrics Clinics of North America Pediatr Clin North Am 
Pediatrics Pediatrics 
Physiological Reviews Physiol Rev 

Plastic and Reconstructive Surgery Piast Reconstr Surg 
Postgraduate Medicine Postgrad Med l 
Progress in Cardiovascular Diseases Progr Cardiovasc Dis 
Public Health Reports Public Health Rep 
Radiology Radiology 
Rheumatology and Rehabilitation Rheumatol! Rehabil 
Seminars in Roentgenology Semin Roentgenol 
Surgery Surgery 


Surgery, Gynecology and Obstetrics Surg Gynecol Obstet 
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GOOD 
THINGS 
TO SAY 
ABOUT 
CANCER 
OF THE 
COLON. 


If detected early, the cure rate 
for colorectal cancer is very high. 

It can be as high as 75%. 

Because we now know how to 
detect it early. And we know how 
to fight it once we detect it. 

There are three simple 
checkup guidelines for men and 
women without symptoms. 

One, get a digital exam every 
year. This is recommended for 
everyone over 40. 

Two, get a stool blood test 
every year if you are over 50. 

Three, after two initial nega- 
tive tests one year apart, geta 
procto exam every three to five 
years if you are over 50. 

These guidelines are the best 
protection against colorectal 
cancer you can have. 

If you're not over 50, please 
give this information to friends 
and loved ones who are. 

In any case, please help spread 
the word. 

Good news doesn't always 
travel fast. 














AMERICAN 
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(but compare with other feeding-decompression tubes anyway.) 


1. Decompression Site 


Gastric suction alone cannot work! The stomach’'s 
longitudinal folds mimic parallel segments of intestine. 
Aspiration orifices may empty a single “Magenstrasse”’ 
(figure A). Most swallowed air avoids suction, and is 
propelled through the pylorus via adjacent channels. A 
clinical study of other N-G and G-tubes measured 32-42% 
inefficiency. A toll booth in the center of a wide highway 
cannot collect from traffic in the outer lanes. 

Removal of air is most effective at constricted (single-file) 
sites. Measured efficiency increases 12-fold by adding 
aspiration within the adjacent esophagus and/or 
duodenum. And flowing duodenal digestive juices 
“self-cleanse” the tube of occluding mucus. 


2. Feeding site 


Gastric feeding risks distention and aspiration. 
Jejunal delivery bypasses 1-3 feet of proximal intestine, 
acting as a barrier to retrograde decompression. Aspira- 
tion of feedings is less likely, but remains a risk. Minimal 
initial infusion (starvation) is manditory initially. 

The Moss®G-Tube's duodenal delivery site is the 
most effective. With proximal duodenal aspiration (pat- 
ented), the initial distal feeding rate is unlimited. Clinical 
x-rays visualized removal of all excess feeding, with none 
reaching the stomach. (Fig. B) The full length of intestinal 
absorption is available immediately. Earliest "enteral 
hyperalimentation" is safely instituted within the recovery 
room. Positive nutritional balances are achieved, leading 
to enhanced sepsis resistance, accelerated wound healing 
and shorter L.O.S. 


3. Aspiration Orifices 


Uniformly sized orifices (all others) “suck in" mucosa 
to occlude the openings and stop decompression. 
Mucosal release then requires a null period (intermittant 
suction). Prograde air or retrograde feedings can be 
propelled accross and beyond the stomach, causing 
distention or aspiration. 

By pairing each large orifice with a patented, smaller 
“suction buster" opening (Moss®G-tube), continuous 
aspiration is maintained despite inadvertantly elevated 
suction. 


4. Biomaterials 


The Moss®G-Tube is all silicone, the accepted "gold 
standard" for optimum long term stability, tissue tolerance 
and biocompatibility. 
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| Gastric Streams 





A. The functioning stomach subdivides into discrete" Magenstrasse’ . 


Any tube can only evacuate the single gastric stream within which it | 





B. Study @ 5 minutes. Note effective removal of all excess barium 
flowing retrograde, none visualized to reach the stomach. 
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In intra-abdominal and gynecologic infection 


due to indicated organisms 


CEFOTAN... 


icefotetan disodium 


Does so much for so much less than cefoxitin 


For intravenous or Intramuscular Use 
BRIEF SUMMARY 


INDICATIONS AND USAGE 

TREATMENT: CEFOTAN® (cefotetan disodium) is indicated for the therapeutic treatment of the 

following infections when caused by susceptible strains of the designated organisms: 

Urinary tract infections caused by E coli, Klebsiella species (including K pneumoniae), Proteus 

mirabilis and Proteus sp (which may include the organisms now called Proteus vulgaris, Providencia 

rettgeri, and Morganella morganii). 

Lower respiratory tract infections caused by Streptococcus pneumoniae (formerly D pneumoniae), 
occus aureus (penicillinase- and nonpenicillinase-producing strains), Haemophilus influenzae 

including ampicillin-resistant strains), Klebsiella species (including K pneumoniae), and E coli. 

n and skin structure infections caused by Staphylococcus aureus (penicillinase- and nonpenicil- 
linase-producing strains), Staphylococcus epidermidis," Streptococcus pyogenes and Streptococcus 
species (excluding enterococci), and E coil. 

Gynecologic infections caused by Staphylococcus aureust (including penicillinase- and nonpenicil- 
linase-producing strains), Staphylococcus epidermidis,” Streptococcus species (excluding entero- 
cocci), E coli, Proteus mirabilis, Neisseria gonorrhoeae, Bacteroides species (excluding B distasonis, 
B ovatus, B thetaiotaomicron), Fusobacterium species,t and gram-positive anaerobic cocci (including 
Peptococcus and Peptostreptococcus s op 
intra-abdominal infections caused by £ coli, Klebsiella species (including K pneumoniaet), Strepto- 
coccus species (excluding enterococci), and Bacteroides species (excluding B distasonis, B ovatus, 
B thetaiotaomicron). 
Bone and joint infections caused by Staphylococcus aureus.t 
*NOTE: Some strains of Staphylococcus epidermidis are resistant to cefotetan. 
t Efficacy for this organism in this organ system was studied in fewer than ten infections. 
PROPHYLAXIS: The preoperative administration of CEFOTAN may reduce the incidence of certain 
postoperative infections in patients undergoing surgical procedures that are classified as clean 
contaminated or potentially contaminated (eg, cesarean section, abdominal or vaginal hysterectomy, 
transurethral surgery, biliary tract surgery, and gastrointestinal surgery). 

The prophylactic dose of CEFOTAN should be administered 30 to 60 minutes prior to surgery. In 
patients undergoing cesarean section, CEFOTAN should be administered intravenously after the 


-clamping of the umbilical cord. 


If there are signs and symptoms of infection, specimens for culture should be obtained for 
identification of the causative organism so that appropriate therapeutic measures may be initiated. 
CONTRAINDICATIONS 
ee Aes contraindicated in patients with known allergy to the cephalosporin group of antibiotics. 
Before therapy with CEFOTAN is instituted, careful inquiry should be made to determine whether the 
patient has had DB saeg eeoa hy nsitivity reactions to cefotetan disodium, cephalosporins, 

nicillins, or other drugs. This product should be given cautiously to penicillin-sensitive patients. 

ntibiotics should be administered with caution to any patient who has demonstrated some form of 
allergy, particularly to whe es If an allergic reaction to CEFOTAN occurs, discontinue the drug. 
Serious acute hypersensitivity reactions may require epinephrine and other emergency measures. 

Pseudomembranous colitis has been reported with the use of cephalosporins (and other broad- 
ie ag antibiotics); therefore, it is important to consider its diagnosis in patients who develop 
diarrhea in association with antibiotic use. 

Treatment with broad-spectrum antibiotics may alter normal flora of the colon and may permit over- 
growth of clostridia. Studies indicate a toxin produced by Clostridium difficile is one primary cause of 
antibiotic-associated colitis. Cholestyramine and colestipol resins have been shown to bind the toxin in vitro. 

Mild cases of colitis may respond to drug discontinuance alone. Moderate to severe cases should be 
managed with fluid, electrolyte, and protein supplementation as indicated. When the colitis is not re- 
lieved by drug discontinuance, or when it is severe, oral vancomycin is the treatment of choice for anti- 
ace pseudomembranous colitis produced by C difficile. Other causes should also be considered. 
GENERAL: As with other broad-spectrum antibiotics, prolonged use of CEFOTAN may result in over- 
owe of nonsusceptible organisms. Careful observation of the patient is essential. If superinfection 

oes occur during therapy, appropriate measures should be taken. 

In common with many other broad-spectrum antibiotics, CEFOTAN may be associated with a fall in 


‘prothrombin activity. Those at risk include patients with renal or hepatic impairment, or poor nutri- 


tional state. Prothrombin times should be monitored in patients at risk and exogenous Vitamin K 
administered as indicated. 

CEFOTAN should be used with caution in individuals with a history of gastrointestinal disease, 
ehh colitis. 

NFORMATION FOR PATIENTS: As with some other cephalosporins, a disulfiram-like reaction 
characterized by poe sweating, headache, and tachycardia may occur when alcohol (beer, wine, 
etc) is ingested within 72 hours after CEFOTAN administration. Patients should be cautioned about the 
Ce of alcoholic beverages following the administration of CEFOTAN. 

UG INTERACTIONS: If CEFOTAN and an aminoglycoside are used concomitantly, renal function should 
be carefully monitored, especially if higher dosages of the aminoglycoside are to be administered or if 
ebay hd prolonged, because of the potential nephrotoxicity and ototoxicity of aminoglycoside antibi- 
Otics. Although, to date, nephrotoxicity has not been noted when CEFOTAN was given alone, it is possible 
that nephrotoxicity ne be dae if CEFOTAN is used concomitantly with an aminoglycoside. 

DRU RATORY TEST INTERACTIONS: A false positive reaction for glucose in urine may occur 
with Benedict's or Fehling’s solution. 

As with other cephalosporins, high concentrations of cefotetan may interfere with measurement of 
serum and urine creatinine levels of Jaffe reaction and produce false increases in the levels of 


Creatinine aoe. 


CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Although long-term studies in 
animals have not been performed to evaluate carcinogenic potential, no mutagenic potential of 
cefotetan was found in standard laboratory tests. 

Cefotetan has adverse effects on the testes of prepubertal rats. Subcutaneous administration of 


___ 500 mg/kg/day (approx 8-16 times the usual adult human dose) on days 6-35 of life (thought to be de- 


CEFOTAN® (cefotetan disodium) 


velopmentally analogous to late childhood and prepuberty in humans) resulted in reduced testicular 
weight and seminiferous tubule degeneration in 10 of 10 animals. Affected cells included spermatogonia 
and spermatocytes; Sertoli and Leydig cells were unaffected. Incidence and severity of lesions were 
dose-dependent; at 120 mg/kg/day (approx 2-4 times the usual human dose), only 1 of 10 treated 
animals was affected, and the degree of degeneration was mild. Similar lesions have been observed in 
experiments of comparable design with other methyithiotetrazole-containing antibiotics and impaired 
fertility has been reported, particularly at high dose levels. No testicular effects were observed in 
7-week-old rats treated with up to 1000 mg/kg/day SC for 5 weeks, or in infant dogs (3 weeks old) that 
received up to 300 mgran IV for 5 weeks. The relevance of these findings to humans is unknown. 
USAGE IN PREGNANCY: Pregnancy Category B: Reproduction studies have been performed in rats 
and monkeys at doses up to 20 times the human dose and have revealed no evidence of impaired 
fertility or harm to the fetus due to cefotetan. There are, however, no adequate and well-controlled 
studies in pregnant women. Because animal reproductive studies are not always predictive of human 
repens this drug should be used during pregnancy only if clearly needed. 
USAGE IN NURSING MOTHERS: Cefotetan is excreted in human milk in very low concentrations. 
Caution should be exercised when cefotetan is administered to a nursing woman. 
PEDIATRIC USE: Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS 
In clinical studies the following adverse effects were considered related to CEFOTAN therapy. 
Gastrointestinal eH ala occurred in 1.5 percent of patients; the most frequent were diarrhea (1 in 80) 
and nausea (1 in ; 
Hematologic laboratory abnormalities occurred in 1.4 percent of patients and included eosinophilia 
( in 200), positive direct Coombs’ test (1 in 250), and thrombocytosis (1 in 300). 

epatic enzyme elevations occurred in 1.2 percent of patients and included a rise in SGPT (1 in 150), 
SGOT (1 in 300), alkaline phosphatase (1 in 700), and LDH (1 in 700). 
paars ear were reported in 1.2 percent of patients and included rash (1 in 150) and 
itching (1 in i 
Local effects were reported in less than one percent of patients and included phlebitis at the site of 
injection (1 in 300), and discomfort (1 in 500). 

SAGE AND ADMINISTRATION 

TREATMENT: The usual adult dosage is 1 or 2 grams of CEFOTAN administered intravenously or intra- 
muscularly every 12 hours for 5 to 10 days. Proper dosage and route of administration should be deter- 
mined by the condition of the patient, severity of the infection, and susceptibility of the causative organism. 


GENERAL GUIDELINES FOR DOSAGE OF CEFOTAN 
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Type of Infection Daily Dose Frequency and Route 
Urinary Tract 1-4 grams 500 mg every 12 hours IV or IM 

1 or 2 g every 24 hours IV or IM 

1 or 2 g every 12 hours IV or IM 
Other Sites 2-4 grams 1 or 2 g every 12 hours IV or IM 
Severe 4 grams 2 g every 12 hours IV 
Life-Threatening 6* grams 3 g every 12 hours IV 





*Maximum daily dosage should not exceed 6 grams. 
PROPHYLAXIS: To prevent postoperative infection in clean contaminated or notentially contaminated 


po pA adults, the recommended dosage is 1 or 2 g of CEFOTAN administered once, intravenously, 
minutes prior to surgery. In patients undergoing cesarean section, the dose should be admin- 
istered as soon as the umbilical cord is clamped. 

IMPAIRED RENAL FUNCTION: When renal function is impaired, a reduced dosage schedule must be 
employed. The following dosage guidelines may be used. 














DOSAGE GUIDELINES FOR PATIENTS 
Cubaiinion Dionis WITH IMPAIRED RENAL FUNCTION 
mL/min Dose Frequency 
>30 Usual Recommended Dose* Every 12 hours 
10-30 Usual Recommended Dose* Every 24 hours 
<10 Usual Recommended Dose* Every 48 hours 





“Dose determined by the type and severity of infection, and susceptibility of the causative organism. 


Cefotetan is i bse and it is recommended that for patients undergoing intermittent hemodialy- 
sis, one-quarter of the usual recommended dose be given every 24 hours on days between dialysis 

and one-half the usual recommended dose on the day of dialysis. 

HOW SUPPLIED 

CEFOTAN is a dry, white to pale yellow powder supplied in vials containing cefotetan disodium equiv- 
alent to 1 g and 2 g cefotetan activity for intravenous and intramuscular administration. The 1 : dose is 
available in 10 mL and 100 mL vials, and the 2 g dose is available in 20 mL and 100 mL vials. The vials 
should not be stored at temperatures above 22°C and should be protected from light. 

1 pin 10 mL vial (NDC 0038-0376-10); 2 g in 20 mL vial (NDC 0038-0377-20); 1 g in 100 mL vial 

(NDC 0038-0376-11); 2 g in 100 mL vial (NDC 0038-0377-21) 
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i Do you really think 
she’s going to sit still for 
= asitz bath? 


Hemorrhoids: A Problem Worth Solving. 
The evidence is overwhelming. Every year 
123,000 Americans undergo painful hemorrhoid- 
ectomies. ! Millions more suffer from symptoms 
of itching, bleeding, and tissue prolapse through 
the rectum. 








Patients with symptomatic hemorrhoids want 
immediate relief and a real solution. 


ULTROID™: A Clinically Proven Solution.? 
Now with ULTROID, Microvasive® introduces 
the future of nonsurgical hemorrhoid manage- 
ment. It is a monopolar, low-voltage treatment 
modality, clinically evaluated on hundreds of 
patients. ULTROID works biochemically at the 
feeding vasculature of the hemorrhoid’s base. 

It leaves no visible ulceration or scarring. 


ULTROID: Safe, Painless, and Effective. 
ULTROID is the only modality that works on all 
four grades of symptomatic internal and mixed 
hemorrhoids. It works without cauterization, 
without burning. It can be used in your office, 
without special patient preparation or anes- 
thesia. And, with ULTROID, patients experience 
no postprocedure pain or lifestyle disruption. 


ULTROID: The New Treatment of Choice. 


For more information on this new hemorrhoid 
treatment, our physician-moderated seminars, 
and product monograph, write or call our 
PHYSICIAN INFORMATION SERVICE, 


Hemorrhoid Case Study #2 800-225-3226. 


Patient: Attorney, age 32. 


Symptoms: Recurrent painless bleeding since 


third trimester of normal, full-term pregnancy. Th 
Diagnosis: Two Grade 3 mixed hemorrhoids in 
right anterior and posterior positions. 


Treatment: Patient’s work and child care schedule 
precluded compliance with prescribed treatment of The Future of Hemorrhoid Managemen 
sitz baths and suppositories three times a day. A 
decision was made to use ULTROID. Two ten-min- 
ute treatments at 10 milliamps each were applied. 
Patient tolerated milliamperage well and reported 
no pain during or after treatment. 


Result: Patient reported no disruption to her work 
schedule or lifestyle. Subsequent postprocedure 
follow-up indicated successful results. 


Wa MICRO’ 





VASIVE 


480 Pleasant Street 
Watertown, MA 02272 


1National Center for Health Statistics for 1985. Toll Free (800) 225-3226 


2A complete list of clinical evaluators is available upon request. 
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The Development of New Immunotherapies for the 
Treatment of Cancer Using Interleukin-2 


A Review 





STEVEN A. ROSENBERG, M.D., PH.D. 





Recent increases in knowledge of cellular immunology, com- 
bined with developments in biotechnology, have provided new 
opportunities for the development of immunotherapies for the 
treatment of cancer in humans. One approach to therapy is 
that of adoptive immunotherapy, that is, the transfer to the 
tumor bearing host of lymphoid cells with antitumor reactivity 
that can mediate antitumor responses. Several lymphocyte 
subpopulations have now been identified that may be suitable 
for use in adoptive immunotherapy. Resting lymphocytes incu- 
bated in interleukin-2 (IL-2) give rise to lymphokine activated 
killer (LAK) cells that can lyse malignant cells, but not normal 
cells. Clinical studies in patients with advanced cancer have 
revealed that treatment with high dose IL-2 alone or in combi- 
nation with LAK cells can mediate the complete or partial 
regression of cancer in selected patients. Other approaches are 
currently undergoing investigation, including the adoptive 
transfer of tumor infiltrating lymphocytes, which, in animal 
models, have antitumor reactivity 50-100 times more potent 
than do LAK cells. Other new approaches to immunotherapy 
include the use of combinations of lymphokines, such as the 
use of tumor necrosis factor or alpha interferon in conjunction 
with IL-2. The availability of recombinant lymphokines that 
provide large amounts of biologically active materials can 
hopefully lead to the development of effective new therapies 
for cancer in humans. 


Reprint requests and correspondence: Steven A. Rosenberg, Chief of 
Surgery, National Cancer Institute, National Institute of Health, Build- 
ing 10, Room 10N116, 9000 Rockville Pike, Bethesda, MD 20014. 

Submitted for publication: December 11, 1987. 
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From the Surgery Branch, Division of Cancer Treatment, 
National Cancer Institute, Bethesda, Maryland 
URGERY IS THE TREATMENT most effective in 
S curing patients with invasive cancer. Of the 
930,000 Americans who were diagnosed with in- 
vasive cancer in 1986, approximately one half will be 
cured using currently available treatment. Approxi- 
mately two thirds of those cured will be cured by surgical 
resection alone, and others by the combination of sur- 
gery and other treatments. Yet even with the best avail- 
able treatment, approximately 50% of all newly diag- 
nosed cancer patients will die of metastatic cancer. In- 
tensive efforts have therefore been devoted to 
developing new modalities for treating cancer, and the 
development of biologic therapies has been foremost in 
these efforts. 

In the hope that a general increase in host immune 
reactivity will lead to a concomitant increase in the im- 
mune response against growing tumors, most attempts 
to develop immunotherapies for the treatment of cancer 
have involved nonspecifically stimulating the body’s 
immune reactivity with general immunostimulants, 
such as BCG or C. parvum. Though this approach has 
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TABLE 1. Generation of LAK Cells in Mice and Humans 
Ee Oe EE ea ARE aR a aR Os Aria a ete tat A mee eae a ee ee ee | 





Mouse Human 
Splenocytes PBL 
Fresh Cultured in Fresh Cultured in 
Target Splenocytes IL-2 Target PBL IL-2 
(% lysis)* 

MCA 102 sarcoma OF. tat $3.22 Autologous sarcoma —4 + 10 76+6 
MCA 106 sarcoma a a D. sal Allogeneic sarcoma T2 88 + 3 
EL-4 lymphoma —20+2 43 +2 Colon cancer +1644 62+ 1 
Normal lymphocyte —I7+3 8+2 Esophageal cancer O+4 78 +5 
NK target YAC 20 + 1 2 | Adrenal cancer —-16+1 68 + 2 
Pancreatic cancer a t1 28 +5 
Normal lymphocyte -9 +3 4+1 
NK target K562 46 +3 105 + 6 





* Effector:target ratios in the mouse were 100:1 and in humans were 
40:1. 


not been very successful in experimental animal models, 
it has received extensive clinical testing in a variety of 
histologic types of cancer.’ These clinical trials have 
been disappointing, and immunotherapeutic ap- 
proaches based on nonspecific stimulation of the body’s 
immune system have, for the most part, been aban- 
doned. 

An alternate approach to immunotherapy is that of 
adoptive immunotherapy, which is defined as the 
transfer of immunologic reagents with antitumor reac- 
tivity to the tumor bearing host.” Immunologic analy- 
ses have shown that it is the cellular arm of the immune 
system that is largely responsible for tissue rejection, and 
thus extensive efforts have been made to identify lym- 
phocyte subpopulations with antitumor reactivity. The 
major obstacle to the application of this approach to 
cancer treatment has been the inability to raise immune 
cells with antitumor reactivity in numbers sufficient for 
use in immunotherapy. Recently, a convergence of the 
increasing knowledge of cellular immunology and de- 
velopments in recombinant DNA biotechnology have 
provided new opportunities for producing such cells. 

We have recently described two different techniques 
for generating cells that serve as suitable candidates for 
use in the immunotherapy of cancer in humans.*~* In 
1980, we described the lymphokine activated killer 
(LAK) cell phenomenon, and more recently, methods 
for isolating tumor infiltrating lymphocytes (TIL) that 
are specifically reactive with human tumors. In this re- 
port, we will review the experimental basis for these 
immunotherapy approaches and summarize current 
clinical applications. 


Lymphokine Activated Killer (LAK) Cells 


In 1980, we first described a technique for generating 
lymphoid cells from both mice and humans that were 


(Modified from references 9 and 10). 


capable of lysing fresh tumor cells, but not normal 
cells.*° With the incubation of resting murine spleno- 
cytes or human peripheral blood lymphocytes in the 
lymphokine, interleukin-2 (IL-2) results 3 to 4 days later 
in the generation of cells capable of lysing fresh tumor 
cells, but not fresh normal cells. These killer cells have 
been referred to as lymphokine activated killer (LAK) 
cells.’-'!° Typical experiments illustrating the generation 
of LAK cells in both mice and humans are shown in 
Table 1. As this table shows, fresh murine splenocytes or 
fresh human peripheral blood lymphocytes (PBL) ex- 
hibit no lysis against a variety of fresh syngeneic autolo- 
gous or allogeneic tumor targets. However, the incuba- 
tion of these resting lymphocytes in IL-2 gives rise to 
LAK cells that, in the mouse, are capable of killing a 
variety of syngeneic sarcomas, and in humans, are capa- 
ble of lysing the autologous cancer as well as a variety of 
allogeneic cancers. 

The characteristics of both murine and human LAK 
cells have been extensively studied. These cells represent 
a lytic population quite distinct from natural killer cells 
and cytolytic T lymphocytes, and their phenotypic sur- 
face markers are characteristic of non-MHC restricted 
killer cells.®!! IL-2 represents the sole signal required for 
the generation of LAK cells, as demonstrated in experi- 
ments using purified homogenous recombinant IL-2.!? 
Detailed studies in murine models have shown that 
normal cells from a variety of organs are not lysed by 
LAK cells and, as demonstrated in cold target inhibition 
experiments, do not bear cell surface structures recog- 
nized by LAK cells.'? The nature of the determinants 
recognized by LAK cells on fresh tumor targets is not 
known and is under intensive study. The natural func- 
tion of LAK cells is also unknown, although it is tempt- 
ing to speculate that these cells represent a component 
of a natural immunosurveillance system against trans- 
formed or otherwise altered cells. 
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Experimental Studies of the Treatment of Established 
Murine Tumors with IL-2 and LAK Cells 


After the description of the LAK cell phenomenon, 
studies were undertaken to determine whether the 
adoptive transfer of these cells would be of value in the 
adoptive immunotherapy of established tumors. Rela- 
tively large amounts of IL-2 were required, and the tiny 
quantities produced by stimulated lymphoid cells pre- 
sented a severe obstacle to these studies. The isolation of 
the gene for IL-2, its expression in Escherichia coli, and 
the purification of the resulting IL-2 to homogeneity 
provided the large amounts required for in vivo experi- 
ments.!?'!4 

A variety of animal models were developed to test the 
therapeutic efficacy of LAK cells and IL-2.'*-*° Lung 
metastases were induced in mice by the intravenous in- 
jection of tumor cells, and liver metastases were induced 
by the injection of tumor cells into the exteriorized 
spleen, allowing cells to flow into the portal circulation 
and lodge in the liver. After allowing metastases to es- 
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TABLE 2. Treatment of Established Murine Lung and Liver 
Metastases with LAK Cells and IL-2 





Number of Metastasest 

Lung Metastases Liver Metastases 

No Plus No Plus 

Cells* IL-2 IL-2t IL-2 IL-2t 
None 228 152 246 53 
Fresh splenocytes 183 156 245 60 
Cultured splenocytes 214 191 250 50 
LAK 200 20 193 l 





* 10° cells administered I.V. on Days 3 and 6 after tumor injection. 

+ 7500 (liver experiment) and 15,000 (lung experiment) units every 
8 hours intraperitoneal Days 3-8 after tumor injection. 

ł Evaluated at 2 weeks after tumor injection. (Modified from refer- 
ences 15 and 18). 


tablish in lung and liver, respectively, experiments were 
conducted in which animals were treated with LAK cells 
and IL-2 in various combinations. Table 2 shows typical 
experiments in which the therapy of murine lung and 
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FIG. 1. The treatment of 3-day lung metastases from four different tumors with either high dose IL-2 alone (O) or with high dose IL-2 in 
conjunction with LAK cells (O). The MCA 101 is a nonimmunogenic sarcoma and the MCA 105 is an immunogenic sarcoma in C57BL/6 mice. 
The MCA 38 is a murine colon adenocarcinoma in C57BL/6 mice, and the M-3 tumor is a melanoma in C3H mice. High dose IL-2 can mediate 
> es effects when administered alone, although these antitumor effects can be markedly increased by the simultaneous transfer of LAK 
cells. 
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FIG. 2. The treatment of 3-day liver metastases from three different 
tumors with either high dose IL-2 alone (O) or with high dose IL-2 in 
conjunction with LAK cells (O). The MCA 102 is a nonimmunogenic 
sarcoma and the MCA 105 is an immunogenic sarcoma in C57BL/6 
mice. The MCA 38 is a murine colon adenocarcinoma. High dose IL-2 
can mediate antitumor effects when administered alone, although 
these antitumor effects can be markedly increased by the simultaneous 
transfer of LAK cells.'® 


liver metastases from a syngeneic sarcoma were studied. 
Animals receiving therapy with fresh splenocytes, sple- 
nocytes cultured in media alone, and splenocytes cul- 
tured in IL-2 to produce LAK cells resulted in little 
therapeutic benefit. Depending on the dose given, the 
administration of IL-2 alone could reduce metastatic 
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TABLE 3. Immunotherapy of Murine Tumors with IL-2 Alone 


1. Liver and lung micrometastases (3-day) from a variety of 
immunogenic and nonimmunogenic sarcomas, melanomas, 
and adenocarcinomas can be inhibited by IL-2 administration. 

2. Lung macrometastases (10-day) from two immunogenic sarcoma 
(but not from two nonimmunogenic sarcomas) can be inhibite 
by IL-2 administration. 

3. A direct relationship exists between the dosage of IL-2 and 
therapeutic effect. 

4. High dose IL-2 administration leads to in vivo lymphoid 
proliferation in visceral organs. These cells have LAK activity 
in vitro. 

5. The immunotherapeutic effect of IL-2 on 3-day micrometastases 
is mediated by asialo GM1-positive LAK cells. In immunogeni 
tumors, Lyt 2-positive cells also participate. 

6. The immunotherapeutic effect of IL-2 on 10-day 
macrometastases in mediated by Lyt 2-positive cells. 

7. Immunosuppression with irradiation or cyclophosphamide can 
inhibit IL-2 therapy against 3-day metastases, but can enhance 
the effects of IL-2 on 10-day macrometastases. 

8. The sensitivity of macrometastases to therapy involving IL—2 
appears to be directly related to the expression of MHC 
antigens (Class I) on the tumor. 

9. The administration of IL-2 can enhance the therapeutic effect of 
concomitantly administered LAK cells, TIL, and specifically 
sensitized T lymphocytes. 


deposits. In the experiment shown in Table 2, the IL-2 
dose had little impact on lung metastases, but was capa: 
ble of significantly reducing the number of liver metas: 
tases. When LAK cells were transferred in conjunctior 
with IL-2, an optimal therapeutic benefit was obtained 


TABLE 4. Immunotherapy of Murine Tumors with LAK Cells Plus IL-. 


1. Liver and lung micrometastases (3-day) from a variety of 
immunogenic and nonimmunogenic sarcomas, melanomas, 
and adenocarcinomas can be inhibited by treatment with 
LAK cells plus IL-2. 

2. A direct relationship exists between therapeutic effect and the 
dosage of IL-2 and the dose of LAK cells. 

3. The precursor of the LAK cell effective in vivo is Thyl~ 
Ig Ia ASGM1. 

4. Three-day incubation of splenocytes is optimal for the 
generation of LAK cells effective in vivo. 

5. Immunotherapy of micrometastases with LAK cells and IL-2 is 
effective in hosts suppressed by total body irradiation or 
treatment with cyclophosphamide. Therapy is also effective in 
“B” mice (thymectomized, lethally irradiated, reconstituted 
with T cell depleted bone marrow). 

6. Immunotherapy of micrometastases with allogeneic LAK cells 
plus IL-2 is effective. 

7. LAK cells effective in immunotherapy can be generated from 
the splenocytes of tumor-bearing mice. 

8. Metastases that persist after in vivo therapy with LAK cells plus 
IL-2 are sensitive to LAK cell lysis both in vitro and in 
subsequent in vivo experiments. We have been unable to 
generate LAK-resistant tumor cells. 

9. Administration of IL-2 leads to in vivo proliferation of 
transferred LAK cells. 

10. Diffuse intraperitoneal carcinomatosis ca be successfully treated 
with intraperitoneal LAK cells plus IL-2. 

11. LAK cells can mediate antibody dependent cellular cytotoxicity, 
and this administration of IL-2 alone or LAK cells plus IL-2 
can enhance the in vivo therapeutic efficacy of monoclonal 
antibodies with antitumor reactivity. 
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TABLE 5. Surgery Branch, NCI Clinical Studies Using IL-2 for the Treatment of Cancer 


Vol. 208 * No. 2 

Year Clinical Study 

1980 Adoptive transfer of long-term cultured peripheral 
blood lymphocytes 

1981 Adoptive transfer of phytohemagglutinin activated 
killer (PAK) cells 

1982 Adoptive transfer of PAK cells plus 
cyclophosphamide 

1983 Adoptive transfer of PAK cells plus activated 
macrophages 

1983 Administration of natural (Jurkat-derived) IL-2 

1984 Adoptive transfer of lymphokine-activated killer 
LAK cells 

1984 Administration of recombinant IL-2 

1985 Administration of LAK cells plus recombinant IL-2 

1986 Administration of high dose bolus IL-2 alone 

1987 Administration of IL-2 alone or with LAK cells 

1988 Administration of IL-2 alone or with LAK cells 


222 Current 


No. of 
Patients 


Reference Findings 

Small numbers (up to 5 X 10°) of long- 
term cultured peripheral blood 
lymphocytes could be safely infused 
in humans 

Large numbers (up to 1.7 X 10'') of 
activated killer cells, obtained from 
up to 15 successive leukaphoreses, 
could be infused safely in humans 

Activated killer cells could be safely 
infused in conjunction with high 
dose cyclophosphamide (50 mg/kg) 

Activated killer cells plus activated 
macrophages could be safely infused 

Natural (Jurkat-derived) IL-2 could be 
safely infused into humans at doses 
of up to 2 mg 

LAK cells (activated with recombmant 
IL-2) could be safely infused in 
humans 

Recombinant IL-2 (from E. coli) could 
be safely administered though 
significant toxicity at high doses 

Regression of metastatic cancer of a 
variety of types in some patients 

Regression of metastatic cancer in 
three patients with melanoma 

Complete and partial regression øf 
cancer of several histologic types 

Complete and partial regression of 
cancer of several histologic types 


3 37 


5 81 


23 49 


report 





with a 90% reduction in the number of established lung 
metastases and greater than 99% reduction in the num- 
ber of established liver metastases. 

Extensive dose response studies were performed using 
therapy with both IL-2 alone, as well as with IL-2 in 
conjunction with LAK cells. Figure 1 shows the results 
of multiple experiments in which the treatment of pul- 
monary metastases from four different tumors was stud- 
ied; Figure 2 shows the results of experiments dealing 
with the treatment of liver metastases from three differ- 
ent tumors. Several important points are illustrated in 
these experiments. At increasing doses of IL-2 alone, 
significant therapeutic effects were seen in the treatment 
of lung and liver metastases. At the highest doses of IL-2, 
the results were often comparable to those of the transfer 
of LAK cells plus IL-2. However, with most doses of 
IL-2, the concomitant transfer of LAK cells improved 
the efficacy of treatment. Therapy for Day 3 metastases 
with IL-2 plus LAK cells appeared effective against 
nonimmunogenic sarcomas, such as the MCA-101 and 
MCA-102 tumors, as well as against the immunogenic 
sarcoma, MCA-105. There was likewise therapeutic 
benefit in the cases of the murine colon adenocarcinoma 
38 and the M3 melanoma. 

Tables 3 and 4 present a summary of the results of 
studies of the immunotherapy of murine tumors, using 


either IL-2 alone or LAK cells plus IL-2.'°-*° These stud- 
ies laid the groundwork for the application of treatment 
using IL-2 alone or IL-2 plus LAK cells in humans. 


Clinical Studies of the Immunotherapy of Cancer in 
Humans Using IL-2 and LAK Cells 


Table 5 presents a chronologic summary of the clini- 
cal immunotherapy studies performed at the Surgery 
Branch of the National Cancer Institute (NCI).”-4* 


LAKLAK LAK 
IL-2 Ey” Ly “Ly yey 
1 S. 2 5428-6 FS. OG) 4 13 14 15 16 17 18 19 20 
S METAN F RS US M T N T E M R oF ae ae e 


Ly: Lymphocytapheresis 
IL-2: 100,000 U/kg !.V. TID 
LAK: infusion of LAK cells |.V 


Fic. 3. Clinical protocol for the immunotherapy of human cancer with 
LAK cells plus recombinant IL-2. IL-2 is administered for 4-5 days, 
resulting in a marked lymphocytosis that increases the yield of lym- 
phocytes obtained from daily lymphocytophereses. Lymphocytes are 
cultured to produce LAK cells and are then reinfused in patients simul- 
taneously with the administration of IL-2. 
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TABLE 6. Results of Immunotherapy in Patients with Advanced Cancer 


LAK/IL-2 IL-2 
SO A A oe ATE ee ES y SS Se SE ae il SEES OS YO 
Number of Number of 
Patients Patients 

Diagnosis Total Evaluable* CR PR Total Evaluablet CR P) 

Renal 54 7 10 38 4 3 
Melanoma 34 3 3 Z3 0 € 
Colorectal 27 l 2 10 0 C 
Non-Hodgkin’s Lymphoma 4 l 2 3 0 0 
Sarcoma 6 0 0 l 0 0 
Lung adenocarcinoma 5 0 0 l 0 0 
Breast 2 0 0 l 0 0 
Brain l 0 0 2 0 0 
Esophageal l 0 0 0 0 0 
Hodgkin’s Lymphoma l 0 0 0 0 0 
Ovarian l 0 0 0 0 0 
Testicular l 0 0 0 0 0 
Gastrinoma l 0 0 0 0 0 
Unknown primary l 0 0 0 0 0 
Total 137 12 17 80 4 9 


* Two treated patients not included died of therapy (melanoma) and 
at follow-up (breast), respectively. 
t Three treated patients not included died of therapy (renal). 


Shortly after the description of the LAK cell phenome- 
non in 1980,*° we began preliminary attempts to apply 
the use of IL-2 and LAK cells in the treatment of cancer 
in humans. Recombinant IL-2 did not become available 
until 1984, and when we began our exploratory clinical 
trials in 1981, sufficient IL-2 was not available for 
human studies. Other techniques for generating large 
numbers of activated killer cells capable of killing fresh 





1-10 RE 


FIG. 4. Complete regression of a hilar metastasis from melanoma in a 
patient treated with LAK cells and IL-2: Pretreatment (top) and post- 
treatment (bottom). 


CR = complete regression. 
PR = partial regression. 


human tumors were identified, such as the incubation o 
resting human lymphocytes with lectin (e.g., phytohem 
agglutinin and concanavalin A) and the use of poolec 
allogeneic mixed lymphocyte interactions.*5-5° These i 
vitro stimulations appeared to result in activated kille 
cells by inducing the secretion of IL-2 into the cultur 
medium. In 1981, therefore, we began clinical trials witt 
phytohemagglutinin activated killer (PAK), and showec 
that large numbers of these cells (up to 1.7 X 10'') ob 
tained from successive leukaphereses could be safely ad: 
ministered to patients.** Ten patients received the adop. 
tive transfer of PAK cells alone, six received PAK cells 
plus cyclophosphamide, and five received PAK cells 
plus activated macrophages.?®? These and subsequent 
trials were conducted in patients who either had ad- 
vanced cancer that had failed all standard treatments, o1 
who had malignancies for which there was no standard 
effective treatment available. When recombinant IL-2 
became available, six patients were treated with the 





FIG. 5. Partial regression of pulmonary metastases in a patient with 
renal cell cancer treated with LAK cells and IL-2: Pretreatment (left) 
and post-treatment (right). 
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Fics. 6A and B. Complete regression of a recurrent tumor mass at the site of a low anterior resection for colorectal cancer in a patient treated with 
LAK cells and IL-2: (A) Pretreatment (arrow points to the mass at the site of the anastomosis) and (B) post-treatment. This patient also underwent 


complete regression of lung and liver metastases. 


adoptive transfer of LAK cells produced using recombi- 
nant IL-2. No antitumor responses were seen in any of 
these 27 patients treated with activated killer cells alone. 

In 1983, we began a clinical trial in patients with ad- 
vanced cancer using the administration of natural IL-2 
derived from a high-producing human cell line. Thirty 
milligrams of pure IL-2 were isolated from hundreds of 
thousands of liters of culture supernatant, and this puri- 
fied material was then infused into humans. When re- 
combinant IL-2 became available, we administered 
much higher doses of this purified material to cancer 
patients through a variety of routes, including intrave- 
nous (I.V.) bolus injection, continuous I.V. infusion, 
intratumor injection, and intraperitoneal injection.*! 
Our studies established the dose-limiting toxicity of IL-2 
and identified significant toxicities associated with its 
administration. In these Phase I studies, 39 patients were 
treated with either the natural or recombinant IL-2, and 
none of the patients exhibited any antitumor effects. 

In November 1984, we received permission from the 
Food and Drug Administration to begin clinical trials in 
advanced cancer patients, utilizing a combination of 
LAK cells plus recombinant IL-2.*7 Although this pro- 
tocol changed in minor ways as our experience devel- 
oped, an outline of the basic protocol used in most pa- 
tients is given in Figure 3. A cycle of IL-2 alone was 
given that was followed by a profound peripheral lym- 
phocytosis. Five daily leukaphereses were then per- 
formed, and these resulting lymphocytes were cultured 


to produce LAK cells. As had been required for optimal 
therapeutic effect in our animal models, the LAK cells 
were then reinfused simultaneously with the administra- 
tion of IL-2. With this combined treatment, metastatic 
cancer of a variety of types regressed in selected pa- 
tients.*2 As experience accumulated with the adminis- 
tration of high-dose IL-2, clinical trials were instituted 
using high dose IL-2 alone, and, as was predicted in our 
animal models, regression of metastatic cancer was seen 
with this treatment, as well.*? The doses of IL-2 used in 
these latter trials were higher than those used in our 
earlier, Phase I efforts. In 1987, we reported the results 
of 157 patients who were administered high dose IL-2 
alone or with LAK cells;** in this review this informa- 
tion is updated to include the treatment of 222 patients 
with advanced cancer accrued by 5/1/87 and assessed as 
of 7/1/87. Eighty-three patients were treated with high 
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FIG. 7. Partial regression of pulmonary metastases in a patient with 
renal cell cancer treated with LAK cells and IL-2: Pretreatment (left) 
and post-treatment (middle and right). 
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FIGS. 8A and B. Regression of a liver metastasis in a patient with melanoma treated with high dose IL-2: (A) Pretreatment and (B) post-treatmen 


7/1/86 


FiG. 9. Complete regression of a scapular metastasis in a patient with 
renal cell cancer treated with LAK cells and IL-2. (top) pretreatment 
(arrow points to the tumor in the scapula that caused a large soft tissue 
mass). (bottom) regression of the tumor with remineralization of the 
scapula. 





dose IL-2 alone, and 139 were treated with LAK cel! 
plus IL-2. The results of the treatments are shown i 
Table 6. 

Sixteen complete responses and 26 partial response 
(defined as greater than 50% reduction of the sum of th 
perpendicular diameters of all lesions) were seen. Addi 
tional patients experienced 25-50% reductions i! 
tumor. Regressions of metastatic cancer were seen il 
patients with renal cell cancer, malignant melanoma 
colorectal cancer, and non-Hodgkin’s lymphoma. Ver 
few patients with other histologic types of cancer hav 
been treated. It appears that some tumors are more re 
sponsive than others, although additional experience i 
required to confirm this observation. Regression of met 
astatic cancer has been seen at a variety of sites, includ 
ing lung, liver, bone, skin, subcutaneous tissue, and i1 
circulating tumor cells. When tumor regression oc 
curred at one site, it tended to occur at all sites; mixec 
responses were unusual, Figures 4-14 show examples o 
antitumor responses in selected patients. 

The mechanism of the antitumor effect appeared tc 
be similar to that demonstrated in the mouse. IL-2 prob 
ably results in the generation of LAK cells in vivo, how. 
ever, it is also capable of simulating endogeneous anti: 
tumor responses. In several patients who have under. 
gone biopsies during treatment, extensive infiltrates o! 
lymphocytes in the tumor have been observed (Fig. 15) 

The duration of responses is shown in Table 7. Of the 
16 patients who underwent complete regression, 13 re- 
mained in complete regression from 2 to 31 months. 
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The median duration of complete responses was not 
reached, and the median duration of partial responses 
was 6 months. 

Meaningful clinical responses have been seen in pa- 
tients receiving high dose IL-2 alone as well as in pa- 
tients receiving LAK cells plus high dose IL-2. It is not 
clear whether the adoptive transfer of LAK cells is neces- 
sary in all clinical situations where very high doses of 
IL-2 are used. The Surgery Branch of the NCI is now 
conducting a trial in which patients with advanced 
cancer are randomized to receive either high dose IL-2 
alone or high dose IL-2 in conjunction with LAK cells. 


Toxicity of Treatment 


In early studies, administration of activated killer cells 
alone caused little toxicity.?® However, administration 
of high dose recombinant IL-2 was associated with sub- 
stantial dose-limiting toxicity in a variety of organ sys- 
tems.**°!-5° The major side effects of IL-2 can probably 
be attributed to three major factors. IL-2 causes a lym- 
phoid infiltrate that can be quite marked and can inter- 
fere with the function of vital organs. In addition, IL-2 
induces a vascular permeability leak that leads to fluid 
retention and interstitial edema, which likewise can 





Fic. 10. Complete regression of a boney metastasis of the pubic ramus 
in a patient with renal cell cancer treated with LAK cells and IL-2. 
Pretreatment (top) and post-treatment (bottom). This patient also un- 
derwent complete regression of multiple pulmonary metastases. 
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Fic. 11. Complete regression of pulmonary metastasis in a patient with 
renal cell cancer treated with high dose IL-2 alone. Pretreatment (top) 
and post-treatment (middle and lower). 


compromise organ function.°°°’ Finally, IL-2 most 
likely leads to the secretion of other lymphokines, with a 
myriad of physiologic effects. When IL-2 administration 
ceases, all side effects appear to be completely reversible. 

Figure 16 illustrates the clinical course and many of 
the physiologic problems of patients receiving IL-2 plus 
LAK.” Shortly after the administration of IL-2, there is 
a profound drop in systemic vascular resistance, with a 
concomitant tachycardia, a decrease in mean arterial 
blood pressure, and an increase in cardiac index. As IL-2 
administration continues, weight gain increases and 
urine output drops. In an attempt to decrease the 
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FIGS. 12A and B. Partial regression of lung, liver, and splenic metastases in a patient with melanoma treated with high dose IL-2 alone. (A) Parti: 
regression of lung metastases. (B) Partial regression of liver and splenic metastases. 


amount of volume required, this relative hypovolemia is 
treated with fluid replacement and by the early and ag- 
gressive administration of vasopressors. This obligatory 
fluid replacement contributes to the interstitial edema 
that can lead to respiratory compromise and a decrease 
in arterial oxygenization. Depending on the aggressive- 
ness with which fluid is administered, weight gain can be 
substantial; in 188 of 295 treatment courses adminis- 
tered to these 222 patients, 27% of the patients gained 
greater than 10% of their baseline weight. 

Renal dysfunction was common and creatinine ele- 
vations occurred in 243 of the 295 treatment courses.”! 
Studies of the renal function of these patients revealed a 
low fractional excretion of sodium. The findings of hy- 
potension, oliguria, fluid retention, and an intense tu- 
bular avidity for sodium support a prerenal mechanism 
for the renal dysfunction based on reduced renal perfu- 
sion.°' As with virtually all of the other side effects of 
IL-2, these changes are transient, and all patients re- 
turned to baseline creatinine levels, with a median time 
of returning to normal of 4 days. Other toxicities in 
these patients included hematologic abnormalities that 
often resulted in anemia and thrombocytopenia, nau- 
sea, vomiting, hyperbilirubinemia, and confusion.5?54 
These side effects promptly reverse after IL-2 adminis- 
tration. The median treatment course lasted 16 days, 
and the median time from the end of treatment to dis- 
charge from the hospital was 5 days. 

Several other groups have now confirmed the antitu- 
mor effects of treatment with LAK cells and IL-2.°*- It 
has been suggested that the continuous infusion of IL-2 
causes less toxicity than bolus administration; how- 


ever, direct comparison between these two methods c 
IL-2 administration have not been performed. The cor 
comitant administration of steroids can also lead to de 
creased toxicity of IL-2 administration. Nevertheles: 
experimental studies indicate that this may abrogat 
therapeutic benefit as well.6364 


Newer Approaches to Immunotherapy 


Intensive efforts are underway to identify cells wit 
greater effectiveness for use in adoptive transfer. I 
1980, we described a method for isolating pure culture 
of lymphocytes infiltrating into solid tumors.* Thes 
tumor-infiltrating lymphocytes (TIL) have interestin 
properties.°-°’ We have recently shown that TIL hav 
far greater therapeutic potency than LAK cells in experi 
mental animal models.668 

TIL are lymphoid cells that infiltrate into the strom 
of established growing tumors and can be isolated b 
culturing single cell suspensions from resected tumors i 
high concentrations of IL-2. The IL-2 results in the i, 
vitro expansion of activated T cells within the tumo1 
and as the lymphocytes expand, they result in the de 
struction of surrounding tumor cells. After 2-3 weeks o 
culturing, pure populations of lymphoid cells devoid o 
tumor cells are present. When these TIL population 
were studied in experimental tumor models, they ha 
far greater effectiveness than did LAK cells.°°® A com 
parison of the relative efficacy of LAK cells and TIL i 
shown in Figure 17. Whereas 2 X 108 LAK cells wer 
required to mediate complete elimination of establishe: 
3-day pulmonary metastases, 2 X 10° TIL accomplishe: 
this same therapeutic effect. After these studies, w 
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Fics. 13. Complete regression 
of multiple cutaneous metas- 
tases in a patient with malig- 
nant melanoma treated with 
LAK cells and IL-2. Pretreat- 
ment (left) and post-treatment 


(right). 


FIG. 14. Partial regression of 
multiple cutaneous metastases 
in the thigh of a patient with 
melanoma treated with high 
dose IL-2 alone. Pretreatment 
(left) and post-treatment 


(right). 
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Fic. 15. Pre- and post-treatment biopsies of a patient with subcutaneous nodules from malignant melanoma treated with LAK cells and IL-2. 
Pretreatment (left) and post-treatment (right). After treatment with LAK cells and IL-2, the architecture of the subcutaneous tumor nodules was 
disrupted, and an infiltrate of activated lymphocytes appeared in the tumor. 


tested the use of these TIL in advanced tumor modelsin of T cells in other animal models, some form of immu- 
which IL-2 alone or IL-2 plus LAK cells had no thera- nosuppression was necessary to mediate therapeutic ef- 
peutic benefit. As was the case with the adoptive transfer fects. In these studies, a combination of cyclophospha- 
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TABLE 7. Duration of Responses 














LAK/IL-2 (months) IL-2 (months) 
Diagnosis CR PR CR PR 
Renal 14+, 12+, 9+, 9 15+, 11+, 6+, 6 13+, 7+, 6+ 7+, 7, 3 
T+; 62+ 6, 6, '6,:2, 3,1 4+ 
Melanoma 31+, 11+, 11+ 6:2. 2 — 20, 12+, 
8, 7.2 
Non-Hodgkins Lymphoma 10 11+, 7+ — — 
Colorectal 17+ 6, 2 — — 
mide plus TIL and IL-2 were capable of eliminating the Techniques have now been developed for the isol 
large tumor burdens that were present in the liver and tion and expansion of TIL from human tumors, ar 
lungs of mice.° TIL have been successfully grown from over 100 1 


sected human cancers, including cancers of the colo 
breast, kidney, and melanoma.*®”-’* Human TIL cells a 
IN A PATIENT DECEO IRF ULMONARY CHANGES — quite different from LAK cells. Whereas LAK cells a 
derived from non-B, non-T lymphocytes, TIL are d 
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A P . . 
“INDEX, 5 have the phenotype of classic cytolytic T lymphocytes. 
i From approximately half of patients with maligna 
AoE V oa LAK LAK melanoma, TILs can be isolated with unique cytolyt 
RETNO aih: ERIS specificity for the tumor from which they were d 
SVR PHERESIS . . 
1000 rived. By contrast, LAK cells are broadly specific 
a their lysis. Figure 18 shows the lytic specificity of T] 
we from three patients with melanoma. These TIL are c 
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ment with LAK cells and IL-2.*° potent than LAK cells. 
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Methods are also being developed to enhance the im- 
munotherapeutic efficacy of therapy with IL-2. Recent 
experiments in animal models have shown that other 
lymphokines, such as tumor necrosis factor and alpha 
interferon, provide synergistic therapeutic benefits when 
given with IL-2. Clinical trials have begun in the Surgery 
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FiG. 18. Lytic specificity of TIL from three patients with melanoma 
tested simultaneously against fresh melanoma cells. Note that TIL 
exhibit strong preferential lysis for the target from which they were 
derived.®? 
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TABLE 8. Clinical Immunotherapy Trials in Progress in the Surgery 
Branch, National Cancer Institute 


1. Prospective randomized trials 
Advanced cancer 
IL-2 alone 
IL-2 + LAK cells 
Adjuvant (after lymph node dissection in patients with Stage H 
melanoma) 
Surgery (lymph node dissection) 
Surgery + IL-2 
Surgery + IL-2 LAK cells 
Adjuvant (after complete resection of liver metastases from 
colorectal cancer) 
Surgery 
Surgery + IL-2 + LAK cells 
Adjuvant (after complete resection of locally advanced renal 
cell cancer) 
Surgery 
Surgery + IL-2 + LAK cells 
2. Monoclonal antibody plus IL-2 in patients with advanced 
colorectal cancer 
3. Chemotherapy (5 FU + leucovorin) plus IL-2 in patients with 
advanced breast and colorectal cancer 
4. Tumor infiltrating lymphocytes plus IL-2 (plus 
cyclophosphamide) in patients with advanced cancer 
5. Evaluation of new cytokines and combinations of cytokines 
Tumor necrosis factor (TNF) plus IL-2 
Alpha-interferon plus IL-2 
Granulocyte-macrophage colony stimulating factor (GM-CSF) 
alone or with cyclophosphamide 


Branch of the NCI, for the treatment of patients with 
advanced cancer using IL-2 in conjunction with either 
tumor necrosis factor or alpha interferon. A therapeutic 
effect has also been seen when using IL-2 combined with 
chemotherapy,” and a clinical trial of combination 
chemotherapy and immunotherapy has also begun. 
LAK cells mediate potent antibody dependent cellular 
cytotoxicity, and thus the combination of therapy with 
monoclonal antibodies and IL-2 is also being ex- 
plored.**”* The clinical immunotherapy studies now in 
progress in the Surgery Branch of the NCI are listed in 
Table 8. 

The studies reported here demonstrate that immun- 
logic manipulations are capable of mediating the regres- 
sion of established growing cancers in humans. The use 
of immunotherapy with high dose IL-2 alone or with 
LAK cells represents a promising approach to cancer 
treatment. Much effort is currently in progress to in- 
crease the efficacy of treatment and decrease toxicity 
and the complexity of treatment administration. Immu- 
notherapy as a treatment for cancer in humans is still in 
the infancy of its development, but current efforts ap- 
pear to represent a base upon which significant improve- 
ments in cancer treatment can be made. 


References 


1. Terry WD, Rosenberg SA, eds. Immunotherapy of Human 
Cancer, Elsevier North-Holland, New York, 1982. 

2. Rosenberg SA. The adoptive immunotherapy of cancer: Acccm- 
plishments and prospects. Cancer Treat Rep 1984; 68:233-255. 

3. Rosenberg SA. Adoptive immunotherapy of cancer using lym- 
phokine activated killer cells and recombinant interleukin-2. Jn 
DeVita, VT, Hellman, S, Rosenberg, SA, eds. Important Ad- 


134 


4, 


10. 


pA 
FZ 
13. 
14, 
15. 
16. 


17. 


18. 


19. 


20. 


21, 


22. 


vances in Oncology 1986. Philadelphia: JB Lippincott, 1986; 
55-91. 

Yron I, Wood TA, Spiess P, Rosenberg SA. Jn vitro growth of 
murine T cells: V. The isolation and growth of lymphoid cells 
infiltrating syngeneic solid tumors. J Immunol 1980; 125:238- 
245. 


. Lotze MT, Grimm E, Mazumder A, et al. Jn vitro growth of 


cytotoxic human lymphocytes: IV. Lysis of fresh and cultured 
autologous tumor by lymphocytes cultured in T cell growth 
factor (TCGF). Cancer Res 1981: 41:4420-4425, 


. Rosenberg SA, Spiess P, Lafreniere R. A new approach to the 


adoptive immunotherapy of cancer with tumor-infiltrating 
lymphocytes. Science 1986; 223:1318-1321. 


. Grimm EA, Mazumder A, Zhang HZ, Rosenberg SA. The lym- 


phokine activated killer cell phenomenon: lysis of NK resistant 
fresh solid tumor cells by IL-2 activated autologous human 
peripheral blood lymphocytes. J Exp Med 1982; 155:1823- 
1841, 


. Grimm EA, Ramsey KM, Mazumder A, et al. Lymphokine-acti- 


vated killer cell phenomenon: II. The precursor phenotype is 
serologically distinct from peripheral T lymphocytes, memory 
CTL, and NK cells. J Exp Med 1983; 157:884-897, 


. Rosenstein M, Yron I, Kaufmann Y, Rosenberg SA. Lymphokine 


activated killer cells: lysis of fresh syngeneic NK-resistant mu- 
rine tumor cells by lymphocytes cultured in interleukin-2. 
Cancer Res 1984; 44:1946~1953. 

Rayner AA, Grimm EA, Lotze MT, et al. Lymphokine-activated 
killer (LAK) cell phenomenon. Analysis of factors relevant to 
the immunotherapy of human cancer. Cancer 1985; 55:1327- 
1333. 

Roberts K, Lotze MT, Rosenberg SA. Separation and functional 
studies of the human lymphokine activated killer cell. Cancer 
Res 1987; 47:4366-4371. 

Rosenberg SA, Grimm EA, McGrogan M, et al. Biological activity 
of recombinant human interleukin-2 produced in EF. coli. 
Science 1984; 223:1412-1415. 

Lefor AT, Rosenberg SA. The specificity of lymphokine activated 
killer (LAK) cells in vitro: Fresh normal murine tissues are 
resistant to LAK mediated lysis. J Immunol (submitted). 

Tanaguchi T, Matsui H, Fujita T, et al. Structure and expression 
of a cloned cDNA for human interleukin-2. Nature 1983; 
302:305. 

Mule JJ, Shu S, Schwarz SL, Rosenberg SA. Adoptive immuno- 
therapy of established pulmonary metastases with LAK cells 
and recombinant interleukin-2. Science 1984; 225:1487~1489. 

Mule JJ, Shu S, Rosenberg SA. The anti-tumor efficacy of lym- 
phokine-activated killer cells and recombinant interleukin-2 in 
vivo. J Immunol 1985; 135:646-652. 

Rosenberg SA, Mule JJ, Spiess PJ, et al. Regression of established 
pulmonary metastases and subcutaneous tumor mediated by 
the systemic administration of high dose recombinant IL-2. J 
Exp Med 1985; 161:1169-1188. 

Lafreniere R, Rosenberg SA. Successful immunotherapy of mu- 
rine experimental hepatic metastases with lymphokine-acti- 
vated killer cells and recombinant interleukin-2. Cancer Res 
1985; 45:3735~3741. 

Lafreniere R, Rosenberg SA. Adoptive immunotherapy of murine 
hepatic metastases with lymphokine activated killer (LAK) 
cells and recombinant interleukin-2 (RIL-2) can mediate the 
regression of both immunogenic and non-immunogenic sar- 
comas and an adenocarcinoma. J Immunol 1985; 135:4273- 
4280. 

Mule JJ, Ettinghausen SE, Spiess PJ, et al. The anti-tumor efficacy 
of lymphokine activated killer cells and recombinant interleu- 
kin-2 in vivo: an analysis of survival benefit and mechanisms of 
tumor escape in mice undergoing immunotherapy. Cancer Res 
1986; 46:676-683. 

Mule JJ, Yang J, Shu S, Rosenberg SA. The anti-tumor efficacy of 
lymphokine-activated killer cells and recombinant interleukin- 
2 in vivo: direct correlation between reduction of established 
metastases and cytolytic activity of lymphokine-activated killer 
cells. J Immunol 1986; 136:3899~3909, | 

Ettinghausen SE, Lipford EH, Mule JJ, Rosenberg SA. Systemic 
administration of recombinant interleukin-2 stimulates in vive 


ROSENBERG 


23. 


24, 


25, 


26. 


Bs 


28. 


29. 


30. 


31. 


32, 


33. 


34, 


35. 


36. 


37. 


38. 


39. 


40, 


41. 


Ann. Surg. » Augus 


lymphoid cell proliferation in tissues. J Immunol 1 
135:1488-1497. 

Yang JC, Mule JJ, Rosenberg SA. Characterization of the mt 
lymphokine-activated killer precursor and effector cell. 
Forum 1985; 36:408-410. 

Mule JJ, Yang JC, Lafreniere R, et al. Identification of cel 
mechanisms operational in vivo during the regression of e 
lished pulmonary metastases by the systemic administrati: 
high-dose recombinant interleukin-2. J Immunol 1 
139:285-294. 

Weber JS, Jay G, Rosenberg SA. Immunotherapy of a m 
tumor with interleukin-2: Increased sensitivity after A 
Class I gene transfection. J Immunol (submitted). 

Donohue JH, Rosenstein M, Chang AE, et al. The systemi: 
ministration of purified interleukin-2 enhances the abili 
sensitized murine lymphocyte lines to cure a dissemir 
syngeneic lymphoma. J Immunol 1984; 132:2123-2128. 

Shu S, Chou T, Rosenberg SA. Jn vitro sensitization and ex 
sion with viable tumor cells and interleukin-2 in the gener: 
of specific therapeutic effector cells. J Immunol | 
136:389 1-3898. 

Shu S, Chou T, Rosenberg SA. Generation from tumor-be: 
mice of lymphocytes with in vivo therapeutic efficacy. J 
munol 1987; 39:295~304. 

Rosenberg SA, Spiess P, Lafreniere R. A new approach tc 
adoptive immunotherapy of cancer with tumor-infiltré 
lymphocytes. Science 1986; 223:1318-1321. 

Spiess PJ, Yang JC, Rosenberg SA. The in vivo anti-tumor act 
of tumor infiltrating lymphocytes expanded in recombi 
interleukin-2. J Nat] Cancer Inst, in press. 

Shiloni E, Lafreniere R, Mule JJ, et al. Effect of immunothe 
with allogeneic lymphokine-activated killer cells and reco: 
nant interleukin-2 on established pulmonary and hepatic 
tastases in mice, Cancer Res 1986; 46:5633-5640. 

Mazumder A, Rosenberg SA. Successful immunotherapy of 
resistant established pulmonary melanoma metastases bi 
intravenous adoptive transfer of syngeneic lymphocytes 
vated in vitro by interleukin-2. J Exp Med 1984; 159:495- 

Ettinghausen SE, Lipford EH, Mule JJ, Rosenberg SA. Reco 
nant interleukin-2 stimulates in vivo ‘proliferation of adopt 
transferred lymphokine activated killer (LAK) cells. J 
munol 1985; 135:3623-3635. 

Ottow RT, Steller EP, Sugarbaker PH, et al. Immunotheray 
intraperitoneal cancer with interleukin-2 and lymphokine 
vated killer celis reduces tumor load and prolongs surviv 
murine models. Cell Immunol 1987; 104:366-376. 

Shiloni E, Eisenthal A, Sachs D, Rosenberg SA. Antibody de 
dent cellular cytotoxicity mediated by murine lymphocyte 
tivated in recombinant interleukin-2. J Immunol |! 
138:1992-1998. 

Eisenthal A, Lafreniere R, Lefor AT, Rosenberg SA. The effe 
anti-B16 melanoma monoclonal antibody on established 
rine B16 melanoma liver metastases, Cancer ney l! 
47:2771-2776. 

Lotze MT, Line BR, Mathisen DJ, Rosenberg SA. The in 
distribution of autologous human and murine lymphoid 
grown in T cell growth factor (TCGF): implications for 
adoptive immunotherapy of tumors. J Immunol |! 
125:1487-1493. 

Mazumder A, Eberlein TJ, Grimm EA, et al. Phase I study o 
adoptive immunotherapy of human cancer with lectin 
vated autologous mononuclear cells. Cancer 1984; 53:8 
905. 

Rosenberg SA. Immunotherapy of cancer by the systemic adı 
istration of lymphoid cells plus interleukin-2. J Biol Resp 
Mod 1984; 3:501-511. 

Lotze MT, Frana LW, Sharrow SO, et al. Jn vivo administratic 
purified human interleukin-2. I. Half life and immuno! 
effects of the Jurkat cell line derived IL-2. J Immunol 1 
134:157~-166. 

Lotze MT, Matory YL, Ettinghausen SE, et al. Zn vivo admini 
tion of purified human interleukin-2. II. Half life, immuno! 
effects and expansion of peripheral lymphoid cells in vivo 
recombinant IL-2. J Immunol 1985; 135:2865-28735. 


Vol. 208 » No. 2 


42. 


43. 


44, 


45. 


46. 


47. 


48. 


49. 


50. 


at. 


32. 


53: 


54. 


55. 
56. 


57. 


58. 


Rosenberg SA, Lotze MT, Muul LM, et al. Observations on the 
systemic administration of autologous lymphokine-activated 
killer cells and recombinant interleukin-2 to patients with met- 
astatic cancer. N Engl J Med 1985; 313:1485~1492. 

Lotze MT, Chang AE, Seipp CA, et al, High dose recombinant 
interleukikn-2 in the treatment of patients with disseminated 
cancer: responses, treatment related morbidity and histologic 
findings. JAMA 1986; 256:3117~3124. 

Rosenberg SA, Lotze MT, Muul LM, et al. A progress report on 
the treatment of 157 patients with advanced cancer using lym- 
phokine activated killer cells and interleukin-2 or high dose 
interleukin-2 alone. N Engl J Med 1987; 316:889-905. 

Strausser JL, Mazumder A, Grimm EA, Lotze MT, et al. Lysis of 
human solid tumors by autologous cells sensitized in vitro to 
alloantigens. J Immunol 1981; 127:266-271. 

Mazumder AM, Grimm EA, Zhang HZ, Rosenberg SA. Lysis of 
fresh human solid tumors by autologous lymphocytes activated 
in vitro with lectins. Cancer Res 1982; 42:913-918. 

Zarling JM, Robins HI, Raich PC, Bach FH, et al. Generation of 
cytotoxic T lymphocytes to human leukemia cells by sensitiza- 
tion of pooled allogeneic normal cells. Nature 1978; 274:269. 

Mazumder A, Grimm EA, Rosenberg SA. The lysis of fresh 
human solid tumors by autologous lymphocytes activated in 
vitro by allosensitization. Cancer Immunol Immunother 1983; 
15:1-10. 

Mazumder A, Grimm EA, Rosenberg SA. Characterization of the 
lysis of fresh human solid tumors by autologous lymphocytes 
activated in vitro with phytohemagglutinin. J Immunol 1983; 
130:958-964. 

Mazumder A, Rosenstein M, Rosenberg SA. Lysis of fresh NK- 
resistant tumor cells by lectin activated syngeneic and alloge- 
neic murine splenocytes. Cancer Res 1983; 43:5729~5734, 

Belldegrun A, Webb DE, Austin HA, et al. Effects of interleukin-2 
on renal function in patients receiving immunotherapy for ad- 
vanced cancer. Ann Intern Med 1987; 106:817-~-822. 

Webb DE, Austin HA, Belldegrun A, et al. Metabolic and renal 
effects of interleukin-2 immunotherapy for metastatic cancer. 
Lancet (submitted). 

Ettinghausen SE, Moore JG, White DE, et al. Hematologic effects 
of immunotherapy with lymphokine-activated killer cells and 
recombinant interleukin-2 in cancer patients. Blood 1987; 
69:1654-1660. l . 

Denicoff KD, Rubinow DR, Papa MZ, et al. The neuropsychiatric 
effects of interleukin-2/lymphokine activated killer cell treat- 
ment. Ann Intern Med 1987; 107:293--300. 

Lee RE, Lotze MT, Skibber JM, et al. Cardiorespiratory effects of 
immunotherapy with interleukin-2. Ann Intern Med (in press). 

Rosenstein M, Ettinghausen SE, Rosenberg SA. Extravasation of 
intravascular fluid mediated by the systemic administration of 
recombinant interleukin-2. J Immunol 1986; 137:1735-1742. 

Ettinghausen SE, Rosenberg SA. Vascular leak syndrome (VLS) 
associated with the administration of lymphokine-activated 
killer cells (LAK) and interleukin-2 (IL-2) to mice. Surg Forum 
1987; 37:388-389. 

West WH, Tauer KW, Yannelli JR, et al. Constant-infusion re- 
combinant interleukin-2 in adoptive immunotherapy of ad- 
vanced cancer. N Engl J Med 1987; 316:898-905. 


NEW IMMUNOTHERAPIES FOR THE TREATMENT OF CANCER 
59, 


60. 


61. 


62. 


63. 


64. 


65. 


66. 


67. 


68. 


69. 


70. 


Th 


72. 


73. 


74. 


135 


Dutcher JP, Creekmore S, Weiss GR, et al. Phase II study of high 
dose interleukin-2 (JIL-2) and lymphokine activated killer 
(LAK) cells in patients (PTS) with melanoma. Proc Am Soc 
Clin Oncol 1987; 6:246. 

Fisher RI, Coltman CA, Doroshow JH, et al. Phase II clinical trial 
of interleukin-2 plus lymphokine activated killer cells (IL-2/ 
LAK) in metastatic renal cancer. Proc Am Soc Clin Oncol 
1987; 6:244, 

Steis R, Bookman M, Clark J, et al. Intraperitoneal lymphokine 
activated killer (LAK) ceil and interleukin-2 (IL-2) therapy for 
peritoneal carcinomatosis: Toxicity, efficacy, and laboratory 
results. Proc Am Soc Clin Oncol 1987; 6:250. 

Paciucci PA, Konefal R, Ryder J, et al. Phase I-II study of adop- 
tive immunotherapy with rIL-2 activated cells and escalating 
continuous infusion rIlL-2 in patients with disseminated 
cancer. Proc Am Soc Clin Oncol 1987; 6:248. 

Papa MZ, Vetto JT, Ettinghausen SE, et al. Effects of corticoste- 
roid on the anti-tumor activity of lymphokine activated killer 
cells and interleukin-2 in mice. Cancer Res 1986; 46:5618- 
5623. 

Vetto JT, Papa MZ, Lotze MT, et al. Reduction of toxicity of 
interleukin-2 and lymphokine activated killer cells in humans 
by the administration of corticosteroids. J Clin Oncol 1987: 
5:496-503. i 

Itoh K, Tilden AB, Balch CM. Interleukin-2 activation of cyto- 
toxic T-lymphocytes infiltrating into human metastatic mela- 
nomas. Cancer Res 1986; 461:3011-3017. 

Anderson TM, Ibayashi Y, Holmes EC, et al. Enhancement of 
natural interleukin-2. Surg Forum 1986; 37:392-393. 

Kurnick JT, Kradin RL, Blumberg R, et al. Functional character- 
ization of T lymphocytes propagated from human lung carci- 
nomas, Clin Immunol Immunopathol 1986; 38:367-380. 

Spiess PJ, Yang JC, Rosenberg SA. Tumor infiltrating lympho- 
cytes expanded in recombinant interleukin-2 mediate potent 
anti-tumor activity in vivo. J Natl Cancer Inst (in press). 

Muul LM, Spiess PJ, Director EP, Rosenberg SA. Identification cf 
specific cytolytic immune responses against autologous tumcr 
in humans bearing malignant melanoma. J Immunol 1987; 
138:989-995. 

Topalian SL, Muul LM, Rosenberg SA. Growth and immunologic 
characteristics of lymphocytes infiltrating human tumor. Surg 
Forum 1987; 37:390-391. 

Topalian SL, Muul LM, Dolomon D, Rosenberg SA. Expansion 
of human tumor infiltrating lymphocytes for use in immuno- 
therapy trials. J Immunol Methods 1987; 102:127-141. 

Belldegrun A, Muul LM, Rosenberg SA. Interleukin-2 expanded 
tumor infiltrating lymphocytes in human renal cell cancer: 
Isolation, characterization and antitumor activity. Cancer Res 
1988; 48:206-214. 

Papa MZ, Yang JC, Vetto JT, et al. Combined effects of chemo- 
therapy and interleukin-2 in the therapy of mice with advanced 
pulmonary tumors. Cancer Res 1988; 48:122-129. 

Shiloni E, Eisenthal A, Sachs D, Rosenberg SA. Antibody depen- 
dent cellular cytotoxicity mediated by murine lymphocytes ac- 
tivated in recombinant interleukin-2. J Immunol 1987; 
138:1992-1998. 





Growth Hormone Stimulates Protein Synthesis 
during Hypocaloric Parenteral Nutrition 


Role of Hormonal-Substrate Environment 





JAMES McK. MANSON, M.D., ROBERT J. SMITH; M.D., and DOUGLAS W. WILMORE, M.D. 


The influence of growth hormone (GH) on protein metabolism 
and fuel utilization was investigated in eight paired studies of 
normal volunteers. GH (10 mg) was given daily during one 
period, and saline was injected during control studies. For 6 
days, subjects received parenteral nutrition that provided ade- 
quate dietary nitrogen, vitamin, and minerals, but energy in- 
take varied to provide 30-100% of requirements. On Day 7, the 
feedings were discontinued and an oral glucose load (100 g) 
was administered. The level of energy intake did not markedly 
influence the actions of GH: During nutrient infusions, GH 
caused positive nitrogen balance (1.0 + 0.3 g/m*/day vs. —1.2 
+ 0.3 in controls, p < 0.001) and increased protein synthesis 
(16.8 + 0.7 g N/m7/day vs. 13.9 + 0.8, p < 0.01). No change in 
the rate of protein breakdown or excretion of 3-methylhistidine 
occurred. GH was associated with an increase in insulin and 
insulin-like growth factor-I concentrations (IGF-I, 9.1 + 0.6 
IU/ml ys. 3.3 + 0.5, p < 0.001). After discontinuation of the 
parenteral nutrition and administration of. the oral glucose 
load, glucose concentrations tended to be higher after GH; 
however, despite a two- to threefold increase in insulin re- 
sponse, muscle glucose uptake was attenuated (1.10 + 0.19 
g/kg forearm ys. 1.64 + 0.30 in controls, p < 0.05). Compared 
with control conditions, GH appeared to attenuate the increase 
in amino acid nitrogen efflux from muscle after the administra- 
tion of oral glucose. These data demonstrate that the protein 
anabolic effect of GH, which occurs even during hypocaloric 
feedings, is related to multiple mechanisms that favor protein 
‘synthesis. These include the increase in plasma concentrations 
of GH, insulin, IGF-I and fat utilization. GH administration 
. results in a hormonal-substrate environment that favors nitro- 
gen retention and protein synthesis. GH may be beneficial in 
promoting protein synthesis in surgical patients, particularly in 


association with hypocaloric glucose infusions that allow utili- - 


zation of body fat as an energy source. 
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ROWTH HORMONE (GH) is a potent anal 
G agent which has profound effects on the 

tabolism of protein, carbohydrate, and 1 
Because GH has, until recently, been in short suj 
many of the metabolic effects that occur after long- 
GH administration in humans are poorly understoc 
unknown. The development of recombinant DNA | 
niques has allowed large-scale production of GH, 1 
ing it available for broad clinical use. It is therefore 
portant to examine the metabolic actions and pote 
clinical uses of this anabolic agent. 

Recently we demonstrated that the administratic 
GH during hypocaloric intravenous feedings resul 
significant positive nitrogen balance in both norm: 
dividuals' and patients requiring parenteral nutrit 
The purpose of the present study was to investigati 
mechanisms of these changes by quantifying the < 
ations in protein and energy metabolism and the 
monal environment associated with GH administra 


Materials and Methods 
Subjects and Study Design 


Eight paired studies were performed in four he: 
male subjects (average age = 31 years, weight = 72. 
body surface area = 1.89 m2). A detailed report o1 
experimental subjects and the screening studies he 
ready been given.! 

Each study consisted of two 7-day periods sepa 
by at least 2 weeks. During the first period, the sut 


a“ 
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received daily injections of GH'*, 10 mg subcutane- 


ously, at 8:30 a.m. daily, and during the second period, 


they received similar injections of saline, likewise ad- 
ministered daily at 8:30 a.m. The subjects were unaware 
of the contents of the injections. 

During each 7-day period the subjects received all of 
their nutrients by parenteral infusion and were allowed 
distilled water only by mouth. The diets, which have 
been described in detail in an earlier report,’ contained 
adequate electrolytes, trace elements, vitamins, and 
protein (6 gm of nitrogen/m’/day, or approximately 1 
gm of protein/kg body weight/day), but varied in total 
calorie content. Three different diets were designed, 
providing 100, 50 and 30% of energy requirements, re- 
spectively. The diet that provided adequate (1.e., 100%) 
calories supplied basal energy requirements plus an ad- 
ditional 25% to meet the caloric needs of hospital activ- 
ity. The diets providing 50 and 30% of energy require- 
ments (1100 and 750 kcal/day, respectively) contained 
the same quantity of protein as the adequate diet. In the 
adequate and 50% adequate diets, energy was provided 
through fat and carbohydrate; In the 30% diet, carbohy- 
drate calories only were provided. Four paired studies 
were carried out with the diet that provided 50% of calo- 
rie requirements, and two paired studies were con- 
ducted, each with the 100% and 30% diets (Table 1). 

At 6 a.m. on the final study day, the nutrient infusion 
was discontinued, and after a 5-hour fast, the response 
to a 100 g oral glucose load was determined. 


Measurements 


The subjects were weighed daily, and their vital signs 
were recorded every 4 hours. All urine and stool was 
collected, and the output for each 24-hour period (6 
a.m.—6 a.m.) was pooled. Blood samples for insulin and 
glucose determination were drawn at 6 a.m. on Day | 
(before the infusion of nutrients), and Days 4 and.7 
(while the nutrients were being infused). Samples were 
drawn for GH determination at 12:30 p.m. on Days 1, 4, 
and 6. Insulin and GH were measured by a double ra- 
dioimmunoassay technique.? 

Blood samples were also obtained at 6 a.m. on Day 1 
and at 12:30 p.m. on Day 6 for measurements of IGF-I 
-(insulin-like growth factor I/somadomedin C). EDTA- 
treated plasma samples were extracted with acid-eth- 
anol,* and IGF-I was measured using a double antibody 
method.° 

Blood was drawn for estimation of serum amino acids 
at 6 a.m. on Day | (before the initiation of the nutrient 


* given as Asellcrin™ (Serono Pharmaceuticles Ltd., Randolph, MA) 
or Protropin™ (Genentech Inc., San Francisco, CA) 
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TABLE:1. Dietary Intake and Number of Subjects Studied 








Number of 
Subjects Studied* 
Mean Calorie Intake ie aaa ai a ara i 
Diet Keal/m?/day Control GH 
Adequate (100%) 1155 2 2 
50% Adequate 566 4 4 
30% Adequate 398 2 2 





* Each subject was studied in the control and treatment arms. 


infusion) and at 6 a.m. on Day 7 (before stopping the 
infusion). Samples were assayed on a Beckman 6300 
amino acid analyzer using Ninhydrin™ technology 
(Beckman Instruments, Fullerton, CA). Glutamine and 
glutamic acid were determined separately by an enzy- 
matic method.°® 

The 24-hour urine samples were analyzed for total 
nitrogen, using the macro-Kjeldahl method. Samples of 
the intravenous fluids were analyzed by the same 
method to quantitate nitrogen intake. Urine collected 
on the last 3 days of each study period was analyzed for 
3-methylhistidine by high pressure liquid chromatog- 
raphy.’ 

Nitrogen turnover, synthesis, and catabolism were 
determined using the method described by Picou and 
Taylor-Roberts,® as previously described.’ 15N-glycine™ 
(Cambridge Isotope Laboratories, Cambridge, MA) was 
administered orally every 3 hours on Days 4-7, and 
3-hour urine samples were collected on Day 7. The en- 
richment of urine urea was determined by an isotope 
ratio mass spectrometer (Nuclide Corp., State College, 
PA). Nitrogen turnover was calculated and this value, 
together with known nitrogen intake and excretion 
rates, was used to calculate protein synthesis and catabo- 
lism. 

At 6 a.m. on the 7th day of each study period, the 
nutrient infusion was discontinued, and at 8:30, an ad- 
ditional injection of GH or saline was given. Between 
10:15 and 10:30 a.m., a catheter was positioned in retro- 
grade direction in an antecubital vein for sampling of 
blood from forearm musculature. A second catheter was 
inserted in a contralateral dorsal hand vein, and the 
hand was placed in a heating pad.’ After a 30-minute 
rest period, samples of deep venous and arterialized 
blood were obtained simultaneously for analysis of 
whole blood glucose, amino acids, lactate, serum-free 
fatty acids, and glycerol.’ Blood flow was then measured 
by venous occlusion capacitance plethysmography.’ At 
11 a.m., a 100 g oral glucose load was given (as Gluco- 


| la™), and sampling of arterial and venous blood, as well 


as measurements of forearm blood flow, were made at 
30- and 60-minute intervals. The same arm was used for 
each portion of the paired study. 
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TABLE 2. The Effect of GH on Nitrogen Balance and Nitrogen 
Kinetics (mean + SEM, g or pmol/m*/day) 


Control GH 

Nitrogen intake (g) 60+ 0.1 60+ 0.1 
Nitrogen excretion (g) 7.3+ 03 50+ 0.2ł 
Nitrogen balance (g) —1.2+ 0.3 10+ 0.3ł 
Nitrogen turnover (g) 21.5+ 0.9 220+ 0.8 
Nitrogen synthesis (g) 13.9+ 0.8 16.8 + 0.7" 
Nitrogen breakdown (g) 154+ 0.8 15.9+ 0.8 
3-Methylhistidine excretion | 

(umol) 164 +16 172 + 16 

*p < 0.01. 


+ p < 0.001 by paired t test. 


Gas exchange measurements were made using a Met- 
abolic Measurement Cart™ (Beckman Instruments, Ful- 
lerton, CA) before the oral glucose load was given and 
every 30-minutes thereafter during the 4-hour duration 
of the study. When the gas exchange measurements and 
blood sampling occurred at the same time, gas exchange 
was performed first, and immediately afterwards, blood 
sampling and flow determinations were made. 


Calculations 


Statistical analysis was performed with a VAX 11/780 
computer™ (Digital Equipment Corp., Maynard, MA) 
and a standard software package (Minitab 82.1, Penn 
State University, University Park, PA) using linear re- 
gression methods and paired t testing. Because growth 
hormone treatment exerted a much greater effect than 
the variation in calorie intake, using paired analysis, 
data from the different diets were combined and com- 
pared with the comparable control studies. 

Daily balance was calculated as the difference be- 
tween intake (amount in the nutrient fluid) and urine 
output. Stool samples, which were minimal and as- 
sumed to reflect oral food ingestion before the start of 
the parenteral feedings, were not included in the balance 
calculations. Average balance was calculated for each 
subject after exclusion of data from the first 24 hours as 


TABLE 3. The Effect of Parenteral Nutrition and GH on Total and 
Selected Amino Acid Concentrations (mean + SEM, pmol/L) 


Control GH 
Day | Day 7 Day | Day 7 
Total nitrogen 45234170 4940 + 338 4710+ 183 5049 + 208 
Alanine 298+ 30 392+ 36 350 + 28 497+ 30* 
Glutamine 563+ 23 S41 + 41 603+ 52 573+ 38 
Leucine 129+ 3 130+ 4 128+ 9 11824 6 
Isoleucine 67+ 3 83+ 6* 68+ 3 924 5* 
Valine 243+ 5 273+ 18 245+ 6 272+ 12 


p < 0.05 when compared with Day | by paired t test. 
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a lead-in period. The mean nitrogen balance thus repre- 
sents the average for Days 2-6. 

The nitrogen content of each amino acid was calcu- 
lated and the 22 amino acids summed to determine 
amino acid nitrogen concentration in arterial and 
venous blood samples. Forearm flux was determined as 
the product of the arteriovenous concentration differ- 
ence and the forearm blood flow. Metabolic rate, fat 
oxidation, and carbohydrate oxidation rates were calcu- 
lated from the oxygen consumption and carbon dioxide 
production data according to the equations of de Weir.'° 

The areas described by the glucose, insulin, and 
amino acid response curves after the oral glucose load 
were calculated by standard methods for determining 
areas of triangles and trapezoids, and were used to ex- 
press the integrated response over time. The insulino- 
genic index was calculated as described by Seltzer.'! The 
values derived from the forearm studies were adjusted 
for the whole body muscle mass as described by Andres 
et al!? and using the predictions of whole body muscle 
mass determined by Cohn et al.!° 

The mass of glucose in the glucose space above basal 
was calculated by subtracting the initial glucose concen- 
tration from the concentration at 240 minutes and then 
multiplying by the extracellular fluid volume (17 Lina 
man weighing 70 kg). The quantity of glucose stored was 
calculated by subtracting the glucose oxidized, excreted, 
and present in the glucose space from the 100 g glucose 
load, assuming 100% absorption. 

Differences were considered significant if the p value 
was <0.05. All values are expressed as mean + SEM. 


Results 


Nitrogen Kinetics 


As a group, the subjects were in negative nitrogen 
balance throughout the control portion of the study 
(Table 2). With GH administration, nitrogen excretion 
was significantly diminished, and as a result, the subjects 
were in positive nitrogen balance. The difference in ni-' 
trogen balance between control and GH-treated subjects 
exceeded 4 g of nitrogen/day. 

Nitrogen turnover, calculated from the N15 enrich- 
ment of urinary urea nitrogen, was similar in both the 
control and GH periods (Table 2). However, the admin- 
istration. of GH was associated with a marked increase in 
protein synthesis (16.8 + 0.7 vs. 13.9 + 0.8 g/m?/day, p 
-< 0.01). In contrast, the rate of protein breakdown was 
not significantly affected by GH administration. Excre- 
tion of 3-methylhistidine, a marker of myofibrillar pro- 
tein breakdown, was also similar in both the control and 
GH treatment periods. Thus, two independent markers 
of protein catabolism, N15 turnover and 3-methylhisti- 


dine excretion, indicate that protein breakdown was un- ^, 
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changed with GH therapy. As confirmed by the N15 
data, GH must mediate its nitrogen-retaining effects by 
promoting protein synthesis. 


Amino Acid Kinetics 


Before the initiation of parenteral nutrition, serum 
amino acid concentrations were within the normal 
range and tended to increase slightly with the constant 
infusion of the amino acid-calorie mixture (Table 3). 
The increase in the serum concentration of amino acid 
nitrogen was similar in control and GH-treated subjects. 
Changes in specific amino acids, such as isoleucine, re- 
flect the composition of the amino acid formula that was 
infused and are not attributed to the GH therapy or 
other experimental conditions. The alanine concentra- 
tion tended to increase in the control group and rose 
significantly with GH therapy, but the magnitude of the 
response was not different between groups. 

Basal forearm flux of amino acids was similar in the 
control and GH-treated subjects (—862 + 258 vs. 
—1,234 + 277 nmol/100 ml/min). Following the oral 
glucose load, forearm amino acid efflux tended to in- 
crease in the control studies and returned to basal levels 
with time. This response tended to be attenuated in the 
GH-treated subjects (Fig 1). Integration of the areas de- 
scribed by the amino acid response curves yielded values 
that approached, but did not achieve a significant differ- 
ence between control and GH periods (—150,000 
+ 105,000 vs. +67,000 + 87,000, p < 0.06). 


Hormonal Response to GH 


Glucose levels tended to rise with infusion of the par- 
enteral nutrient solution (Table 4). Although there ap- 
peared to be a greater increase in glucose concentration 
in the subjects treated with GH, these levels did not rise 
significantly above the values obtained during the con- 
trol period. 

Insulin concentrations rose from the initial basal 
levels and remained stable throughout the infusion pe- 
riod in the control portion of the study. With GH ad- 
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Fic. 1. The flux of amino acid nitrogen across the forearm was simi-ar 
in the postabsorptive period (time 0) for the GH and control groups. 
However, following glucose ingestion, efflux increased (i.e., became 
more negative) in the controls, but this response was attenuated with 
GH. 


ministration, insulin levels were almost twice that of 
values observed in the control study, although this dif- 
ference did not reach statistical significance (Table 4). 

IGF-I levels were similar in the two groups at the start 
of the study and did not change during the time of the 
control infusion (Table 4). However, when the subjects 
received GH, the concentrations increased significantly 
—to almost three times the levels observed in the con- 
trol study. 


Effect of the Ingested Glucose Load 


Five hours after discontinuation of the parenteral nu- 
trition, serum substrate concentration and fuel utiliza- 


TABLE 4, Concentration of Glucose and Anabolic Hormones (mean + SEM) 


Insulin (uU/ml) Glucose (mg/dl) 
Day of a ee Pe ee 
Study Control GH Control GH 
Í lilt] 9+ 1 8543 84+3 
Mean of 
Day 
4-6 l6+4 37 +14 9444 108 +7 
6 , 


IGF-I Free (U/ml) IGF-I Extracted (IU/ml) 
Control GH Control GH 
0.67 + 0.05 0.67 + 0.05 2220.2 2.4+0.2 
0.91 + 0.24 4.1 +0.3* 3.3+0.5 9.1 + 0.67 


+ p <0.001 when compared to values obtained on day six by paired t 
test. 
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TABLE 5, Serum Substrate, Hormone Concentrations and Fuel 
Oxidation on Day 7 (expressed as mean + SEM} 





Control GH 

Glucose (mg/dl) 7424 79 + 4* 
Insulin (uU/ml) 8t] 28 + 11 
GH (ng/ml) 3.2 + 1.0 33 + 7t 
Free fatty acids (neq/L) 924 + 41 1114 + 91* 
Glycerol (mg/dl) 1.28 + 0.14 1.71 + 0.06* 
Acetoacetate (mmol/L) 0.13 + 0.03 0.11 + 0.03 
B-hydroxybutyrate (mmol/L) 0.32 + 0.12 0.20 + 0.05 
Lactate (mmol/L) 0.83 + 0.08 0.90 + 0.05 
Carbohydrate oxidation 

(g/m?/24 hr) 46 + 12 44+ 145 
Fat oxidation (g/m?/24 hr) 43+5 59 + 4* 


*o < 0.05. 
tp < 0.001 when compared to control value by paired t test. 


tion varied between the two groups; glucose, free fatty 
` acids, and glycerol increased in the subjects receiving 
GH, compared with the controls (Table 5). In addition, 
fat oxidation was greater in the GH-treatment period 
than in the control period (59 + 4 g/m?/24 hr ys. 43 +5, 
p < 0.05). 

After ingestion of 100 g of glucose, blood glucose in- 
creased approximately twofold in the controls and stim- 
ulated a brisk release of insulin (Table 6). When glucose 
was administered to subjects receiving GH, blood glu- 
cose tended to rise to higher levels and decreased in a 
more gradual manner (Fig 2). This diabetic-like re- 
sponse occurred even though insulin levels rose to more 
than twice what they were during the control period. 

The insulinogenic index, which reflects the insulin 
response per unit glycemic stimulus, was increased 
when the subjects received GH (2.37 + 0.30 vs. 1.26 
+ 0.21, p < 0.05). Despite the increased elaboration of 
insulin, blood glucose attained greater levels at 120 and 
180 minutes following GH treatment (Table 6) and re- 
mained elevated for a longer period after GH than sa- 
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FIG. 2. Alterations in whole blood glucose and serum insulin occurred 
following GH. Despite the slight increase in peak blood glucose con- 
centration and the prolonged rate of disappearance, at 120 minutes 
insulin rose to levels more than three times those of control concen- 
trations. Despite this exaggerated insulin response, a mild state of 
insulin resistance occurred, as reflected in the diabetic-like glucose 
tolerance curve. 


line. The rate constant for glucose disappearance was 
significantly reduced after GH. The slope of the line 
fitted from the peak to the trough of the glucose toler- 
ance curves averaged 0.56 + 0.03 mg/dl/min for the 
controls vs. 0.37 + 0.07 for the GH-treated subjects (p 
< 0.05). 

After glucose ingestion, forearm glucose uptake in- 
creased significantly (Table 6). However, the increase in 
forearm uptake was approximately 60% greater in the 


TABLE 6. The Effect of a 100 g Glucose Load on Forearm Glucose Uptake and Hormonal Response (mean + SEM) 


Forearm Glucose Uptake 


ARTERIAL 
VENOUS 
DIFFERENCE GH 
Glucose (mg/dl) Insulin (U/ml) (mg/dl) FLUX (mg/100ml/min) (ng/ml) 
Time Control GH Control GH Control GH ' Control GH Control GH 

0 7444 79+ 4* §+ | 28 + 11 —2+2 222 —0.04 + 0.02 0.04+0.04 JAE 33.7 + 7ł 
30 167+9 164+ 9 74+12 161+ 33+ 16+4 16244 0.52 +0.20 0.65+0.11 0.8+02 36 +6 
60 175+7 1934+14 113+ 15 202+ 307 2345 13+2* 1.03 +0.20 0.58 + 0.09* 0.6+0.1 34 +7£ 
120 103+5 184+ 20+ 74417 286+ 52+ 20+4 1124 0.88 +0.20 0.58+0.16 0.6+0.1 33 +64 
180 7045 139+ 22+ 24+ 8 199+ 40+ 9+4 1124 0.56 +0.20 0.45+0.13 0640.1 32 +5f 
240 61+5 90 + 16 18 + 10 95 + 32 2+2 4+2 0.05+0.04 0.13 + 0.07 142+5.1 30 +4f 

tp < 0.001 when compared with control by paired t test. 


*p< 0.05. 
et p < 0.01.. 
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TABLE 7. Gas Exchange Measurements During a 100 g Glucose Load 
Metabolic Rate Carbohydrate Oxidation Fat Oxidation 
Keal/m?/24 hrs Respiratory Quotient g/m?/24 hrs g/m?/24 hrs 
TIME 
(mins) Control GH Control GH Control GH Control GH 
0 775 + 42 857 + 46 0.79 + 0.02 0.78 + 0.02 46+ 12 44+ 15 4325 59+ 4* 
30 835 + 39 937 + 50 0.82 + 0.02 0.79 + 0.02 66 +17 65 + 16 40 +7 58+ 4* 
60 853 + 34 928 + 49 0.86 + 0.02 0.85 + 0.03 98 + 15 95 + 20 28 +5 39+ 7 
90 879 + 45 959 + 56 0.90 + 0.01 0.87 + 0.03 130 + 12 129 + 28 1744 32+ 9 
120 871 + 38 943 + 62 0.92 + 0.03 0.88 + 0.02 138 +17 132 + 23 13+8 29+ 7 
150 851 + 38 928 + 51 0.93 + 0.03 0.92 + 0.02 148 + 21 162 + 24 6+8 154 7 
180 837 + 42 936 + 52 0.94 + 0.04 0.92 + 0.02 150 + 26 160 + 21 t07 16+ 8 
210 825 + 32 933 + 62 0.88 + 0.02 0.95 + 0.03f 106+ 17 184 + 337 2l? 5+ 10+ 
240 832 + 48 876 + 52 0.81 + 0.02 0.88 + 0.03* 55 + 28 122 + 25} 44+8 26+ 8ł 
* p < 0.05. $ p < 0.001 when compared with control by paired t test. 
tp<0.01. 


control versus GH study periods. The integrated area 
described by the forearm glucose uptake curve was 1.64 
+ 0.30 g/kg forearm in the controls vs. 1.10 + 0.19 
following GH (p < 0.05). Despite marked hyperinsulin- 
emia, the decrease in glucose uptake by forearm muscle 
was indicative of insulin resistance in skeletal muscle 
with GH therapy. 

Following carbohydrate ingestion, metabolic rate and 
the respiratory quotient increased slightly (Table 7), and 
this rise tended to be greater in the GH treated subjects 
than in controls. Fat oxidation was greater with GH 
treatment at the beginning of the study, but decreased as 
the study progressed. This attenuation in fat utilization 
occurred as carbohydrate oxidation increased; both al- 
terations were related in time to the marked hyperinsu- 
linemia associated with GH. The calculated distribution 
of the 100 g glucose load revealed that after GH treat- 
ment, less carbohydrate was stored and total muscle up- 
take was reduced (Table 8). 


Discussion 


Marked positive nitrogen balance and accelerated 
protein synthesis occurred in normal volunteers given 
GH along with adequate or hypocaloric feedings and 
amino acid infusions. A similar response has been ob- 
served after GH was administered to adequately nour- 
ished but GH-deficient patients.’* The nitrogen reten- 
tion reflects increased protein synthesis, which occurs 
throughout the tissues of the body. Because skeletal 
muscle represents the largest mass of protein-containing 
tissue, the hormonal effect is particularly evident in skel- 


tidine excretion data indicate that protein breakdown 
was unaltered and that the positive nitrogen balance 
resulted solely from increased protein synthesis. This ts 
consistent with previous studies of protein kinetics in 
postoperative patients given GH and I.V. dextrose,!° 
and with animal and in vitro data showing both in- 
creased RNA generation and accelerated protein synthe- 
sis in response to GH.'® 

In addition to retention of nitrogen and decreased 
urea generation, a fall in plasma amino acids after GH 
administration has also been observed.'* This was not 
seen in our subjects, however, possibly because they 
were adequately nourished and given-constant infusion 
of moderate quantities of I.V. amino acids. In the post- 
absorptive state, no difference in forearm amino acid 
flux was detected when data from the control and GH 
periods were compared. This observation is not incon- 
sistent with studies in fasting obese subjects, where GH 
failed to promote nitrogen sparing.'’ Alternatively, the 
forearm amino acid balance technique may not be sen- 
sitive enough to detect small differences in nitrogen flux, 
as Bessey et al. have discussed in detail.!® 

After administration of an oral glucose load, two dif- 
ferent patterns of forearm amino acid flux appeared to 
occur. In GH-treated subjects, the forearm tended to 
retain amino acids, whereas the forearm of control sub- 
jects generally lost amino acid nitrogen. This retention 


TABLE 8. Fate of 100 g of Ingested Glucose 
(expressed as g, mean + SEM) 


: Control Growth Hormone 
etal muscle. As we have previously reported, the reten- 
tion of nitrogen and minerals in GH-treated subjects is Oxidized 20.6 + 1.7 24.4 + 2.7 
similar to the composition found in skeletal muscle.! reas Ga ean 
AE AR uscle. In glucose space 0.3403 4442.9 
Positive nitrogen balance in our subjects could have Urinary loss 0.1 + 0.1 1.8 + 1.0 
resulted from an increase in protein synthesis, a decrease Taken up by muscle 48.8 + 8.7 32.9 + 5.3* 
Nonmuscle disposal 51.2 + 8.7 67.12 5,3" 


in protein breakdown, or a combination of these re- 
sponses. The N15 isotopic studies and the 3-methylhis- 
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of amino acids may be a response to the increase in 
levels of insulin that occur after the administration of 
GH. Additional flux studies will be required in order to 
document muscle uptake at the time parenteral nu- 
trients are being infused. 

The hormonal and metabolic mechanisms that lead 
to increased protein synthesis after GH administration 
are complex, multiple, and probably interactive. GH is 
known to stimulate the synthesis and secretion of IGF-I 
by the liver, and it is thought that IGF-I mediates the 
anabolic actions of GH in many tissues.’? In the present 
study, IGF-I levels in the circulation were increased 
three- to fourfold after GH, and this is consistent with 
this proposed mechanism of action. Alternatively, GH 
has been shown to have direct effects on protein synthe- 
sis in certain cells and perfused organs independent of 
IGF-I of other somatomedins.’® It has also been recently 
found that IGF-I can be secreted locally, near or in tis- 
sues affected by GH.” It is possible that local IGF-I 
secretion could occur in response to GH (at least in 
some tissues), and then IGF-I could act in a paracrine or 
autocrine manner to mediate the anabolic effects of GH. 
Finally, other factors such as the accelerated mobiliza- 
tion and utilization of lipids, especially by skeletal mus- 
cle, could also exert significant protein-conserving ef- 
fects.7! Thus, GH administration can stimulate protein 
synthesis through a combination of several different 
mechanisms. Although the current study does not allow 
us to define the contributions of the individual factors 
on the accretion of body protein, it is clear that GH 
administration results in a hormonal-substrate environ- 
ment that markedly favors nitrogen retention and pro- 
tein synthesis. 

In summary, humans given GH achieve positive ni- 
trogen balance while receiving either adequate or hypo- 
caloric parenteral nutrition. The clinical use of GH 
along with hypocaloric feedings may reduce the need for 
the infusion of large quantities of calories, which had 
previously been necessary to attain positive nitrogen 
balance and tissue repair. The positive nitrogen balance 
that occurred in these normal individuals was the result 
of accelerated protein synthesis, not diminished protein 
degradation. Increased protein synthesis occurred si- 
multaneously with elevation of GH concentrations, hy- 
perinsulinemia, increased IGF-I levels, and accelerated 
fat mobilization. All of these factors may have contrib- 
uted to accelerated body protein synthesis. GH adminis- 
tration was associated with marked insulin resistance 
and hyperinsulinemia, although because of the rela- 
tively small amount of glucose that was present in the 
hypocaloric diets (300 g/day), glucose intolerance was 
not observed. This quantity of glucose is sufficient to 
supply obligate glucose requirements, but not enough to 
produce hyperglycemia. 
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CLASSIFIED AD SECTION 


Classified advertising is avabilable in ANNALS OF 
SURGERY for those recruiting personnel or interested in 
obtaining positions. Display space is available for those desiring 
greater visibility or more space for their message. 


Classified ad copy, like other advertising copy, will be 
reviewed for approval prior to publication. 


Classitied Rates: $9.00 per line or fraction of line. The average 
line will be 62 characters. 


Box Numbers: Replies may be directed via Box # to J.B. 
Lippincott Company, at an extra charge per insertion of $6.50 to 
cover handling costs in forwarding such replies to the advertiser. 


How to Order: Send typewritten text copy for the ad with 
remittance in full to: 


ANNALS OF SURGERY 
c/o J.B. Lippincott Company 
Attn: Classified Advertising Dept. B 
East Washington Square 
Philadelphia, Pa. 19105 
(215) 238-4215 


Deadline: Copy received by the 15th of month will run in the 
second following month's issue, e.g. November 15th for January 
issue. Ads received after the 15th will run in the next available 
issue. 





BOARD CERTIFIED OR ELIGIBLE GENERAL AND VAS- 
CULAR SURGEON—The VAMC in Jackson, Mississippi, a 
major teaching affiliate of the University of Mississippi, is seeking a 
general and vascular surgeon, who has an interest in teaching medical 
students and residents. Tke successful candidate will be eligible for 
an academic appointment at the University. To apply, send your CV 
to: Martin L. Dalton, M.D., Chief of Surgery (112), VA Medical 
Center, 1500 E. Woodrow Wilson Dr., Jackson, MS 39216, 
(601) 364-1356. 


CARDIOVASCULAR SURGERY FELLOWSHIP: One to two 
year fellowship in cardiovascular surgery offered to Board eligible 
general surgeons who have interest in thoracic surgery, but have not 
obtained thoracic residency. 1000+ cases per year practice, and 
affiliation with University service. Position noncredited for Thoracic 
Board Certification. Portland is located in the Pacific Northwest on 
the Willamette and Columbia Rivers. We are in one of the best 
outdoor recreational areas of the U.S., within one hour’s drive to 
either snow skiing, ocean beaches or fishing. Portland has many fine 
cultural and educational events to participate in. Please send CV’s 
and salary requirements to: Albert Starr, M.D., 9155 S. W. Barnes 
Road, Suite #240, Portland, Oregon 97225. 


GENERAL SURGEON (BC/BE) To join private general surgery 
practice. Competitive guaranteed compensation plus benefits. Excel- 
lent location in expanding South Georgia Area. Please send CV, 
salary requirements, etc. RO. Box 979, Douglas, GA 31533. 


GENERAL SURGEON: Metropolitan North Carolina. Four 
person surgical group seeks Board Certified/Board Eligible M.D., 
University training and recent residency preferred. Reply to Box 
ANN&A, J. B. Lippincott Company, East Washington Square, 
Philadelphia, PA 19105. 
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CASE WESTERN RESERVE UNIVERSITY SCHOOL OF 
MEDICINE AND CLEVELAND METROPOLITAN 
GENERAL/HIGHLAND VIEW HOSPITAL—Applications 
are invited for the position of Director of the Department of Surgery 
at Cleveland Metropolitan General/Highland View Hospital and 
Professor of Surgery at Case Western Reserve University School of 
Medicine. In keeping with the tradition and quality of previous 
incumbents of this position, we seek an individual with superior 
credentials committed to academic excellence. The Department has 
extensive clinical facilities and offers quality educational programs 
at the undergraduate, residency, and continuing education level. 
Research facilities are available and the Department has excellent 
collaborative relationships with basic and clinical science depart- 
ments in the School and clinical departments of the affiliated 
hospitals, Case Western Reserve University/Cleveland Metropoli- 
tan General/Highland View Hospital are equal opportunity employ- 
ers. Applications should be sent to: Dr. I. Bruce Gordon, Chairman 
of the Search Committee, Director, Department of Pediatrics, 
Cleveland Metropolitan General/Highland View Hospital, 3395 
Scranton Road, Cleveland, Ohio 44109. 





CHIEF SURGICAL SERVICE—Veterans Administration Med- 
ical Center, Albuquerque, NM and University of New Mexico 
School of Medicine are seeking an individual to lead active clinical, 
teaching and research programs for undergraduates and residents in 
General, Thoracic, Plastic, Urologic and Orthopaedic Surgery. 
Individual will have major clinical and academic responsibilities and 
must have experience and accomplishments to qualify for senior 
academic appointment in the Department of Surgery, University of 
New Mexico, School of Medicine. Inquiries should be accompanied 
by resume and addressed to Donald E. Fry, M.D., Chairman, 
Dept. of Surgery, c/o Chief of Staff, VA Medical Center, 2100 
Ridgecrest Drive S.E., Albuquerque, New Mexico 87108. VA 
Medical Center, Albuquerque is an equal opportunity employer. 


COLORADO PERMANENTE MEDICAL GROUP is an 
expanding multispecialty prepaid group practice caring for members 
of the Kaiser Foundation Health Plan. Position available imme- 
diately for BE/BC general surgeon to join existing ten physician 
department. Competitive salary and benefits. Contact: V. A. 
LaFleur, M.D., Associate Medical Director, Colorado Perma- 
nente Medical Group, BC., 2045 Franklin Street, Denver, CO 
80205, (303) 861-3263. EOE. 


DIRECTOR OF DEPARTMENT OF SURGERY—ST. 
Luke’s/Roosevelt Hospital Center—New York, New York—sSt. 
Luke’s Hospital Center, a 1354 bed teaching hospital on Manhattan’s 
upper West Side, affiliated with Columbia University College Of 
Physicians and Surgeons invites nominations and applications for a 
Director of the Department of Surgery. The Director is responsible 
for the clinical and academic programs at both the ST. LUKE'S and 
ROOSEVELT sites which together serve a catchment population of 
over 500,000 people, as well as a large referral base from well 
beyond this local community. The successful candidate must qualify 
as Professor of Surgery at Columbia University with demonstrated 
clinical and academic achievement. Administrative and leadership 
skills will also be required in order to maintain and foster the 
department’s current accomplishments. Submit curricula vitae to be 
considered in strictest confidence to: Ronald C. Ablow, M.D., 
Chairman, Search Committee for Director of the Department of 
Surgery, ST. LUKE’S/ROOSEVELT HOSPITAL CENTER, 
114th Street and Amsterdam Avenue, New York, New York 
10025. An Equal Opportunity Employer M/E 

Continued on page 12A 
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Esophageal/duodenal decompression is 12-14 times more efficient than 
gastric aspiration of alternative devices.* "Enteral hyperalimentation" begins 
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ASE # 24 AGE: 55 SEX: FEMALE 

IAGNOSIS: CECAL CARCINOMA 

YMPTOMS: ANEMIA (Hg 6 gm/dl) 

PERATION: RIGHT HEMICOLECTOMY & GASTROSTOMY 





The patient had a right hemicolectomy with stapled (U.S. 
irgical Corp) anastomosis and fascia closure and a MOSS® 
astrostomy tube. The stomach and proximal duodenum were 
spirated, with immediate simultaneous feeding into the distal 
Jodenum. 


Barium feeding 5 hours postop documented adequate 
iotility. The deliberate excess was totally removed. No 
ontrast (i.e.: excess feeding) escaped efficient aspiration 
ithin the proximal duodenum, to reflux into the stomach. 
‘igure A) Serial motility study showed barium had traversed 
le anastomosis and colon, and already was exiting in a 
yOntaneous bowel movement by 21 hours postop. (Figure C) 


She received 300 mi/hr of Vivonex TEN (Norwich Eaton A. Study @ 5 minutes (5 hours postop). 
narm), absorbed 5,000 kcal the initial 20 hours, and then Note efficient removal of all excess barium, 
lerated a general diet. She was the 4th patient discharged with none reaching the stomach. 
1eventfully 24 hours after bowel resection and reanastomosis. 





B. Motility @ 4 hours (9 hours postop). C. Motility @ 16 hours (21 hours postop). 
All barium is within the ileum. Barium is exiting in a spontaneous bowel 
movement. 





Call MOSS TUBES, INC (518) 674-3109 for introductory sample and literature. 


Trauma Director 
& Surgeon 


Immediate opening for qualified 
surgeon with trauma expertise to direct 
trauma service for Fort Sanders Regional 
Medical Center, a 575-bed private, proposed 
Level II facility. Excellent educational, 
Cultural and recreational opportunities in 
family-oriented East Tennessee city at gate- 
way to Great Smoky Mountains. Competitive 
Salary and benefit package. Applicants must 
be Board certified or eligible. 
send CV to: 

V. Otis Wilson, Jr. 

Executive Vice President 

Fort Sanders 

Regional Medical Center 

Knoxville, TN 37916 


FORT SANDERS 


Knoxville, Tennessee 37916 
An Equal Opportunity Employer 


Cardiac/Thoracic 
cl 


Marshfield Clinic Department of Thoracic and 
Cardiovascular Surgery is seeking an additional 
surgeon experienced in cardiac and general tho- 
racic surgery to join its five member group. 
Marshfield Clinic is a private group practice con- 
sisting of 260 physicians go nthe all surgical 
and medical specialties. The Clinic is physically 
attached to a 524 bed acute care teaching hospi- 
tal. A Surgical Residency Program, University of 
Wisconsin Medical School affiliation, large Medi- 
cal Research Foundation plus major secondary 
and tertiary level patient referral base contribute 
to a very stimulating environment. For additional 
information, please send curriculum vitae to: 


William O. Myers, M.D. 

1000 North Oak Avenue 
Marshfield, WI 54449 

or call collect at (715) 387-5275 


Marshfield Clinic 
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GENERAL SURGEONS: Newly established prepaid group prac- 
tice desires to begin offering general surgery services. Looking for 
general surgeons interested in establishing and building a depart- 
ment. Physicians must be from high quality residency programs or 
have significant practice experience. Positions available immediately 
and for 1989. Address C.V. to: Phyllis M. Kline, Physician 
Recruitment Coordinator—ANS, Carolina Permanente Medical 
Group, P.A., 3120 Highwoods Blvd., Raleigh, N.C. 27604-1018. 





GENERAL/VASCULAR SURGEON—North Carolina, New 
Jersey, and Nationwide opportunities. BE/BC. Dr. Len Goodman, 
SMA, P.O. Box 25786, Charlotte, NC 28229, 704-536-2527. 


KANSAS, SURGEON: We are seeking a general surgeon inter- 
ested in a full-time private practice opportunity in the greater Kansas 
City area. For additional information, please send current CV to Kim 
Weaver, Emergency Medical Services, 3101 Broadway, Suite 
1000, Kansas City, Missouri 64111; or call 1-800-821-5147 or 
816-561-1025. 


LAGUNA BEACH, CALIFORNIA: Two general and vascular 
surgeons searching for BC/BE American trained general and 
vascular surgeon to join busy practice in a beautiful oceanside 
community. Surgeon must have vascular fellowship and/or expe- 
rienced in vascular surgery. Position available immediately. Call or 
send CV to Ellen Turnbull, 31872 Coast Highway, Laguna Beach, 
CA 92677, phone number (714) 499-7205. 


Multispecialty group of 15 physicians, located in beautiful 
Piedmont area of North Carolina needs recently trained BC, B/E 
General Surgeon, B/C, B/E Urologist and B/C, B/E Cardiologist 
to help present doctors with busy practices. Group practice is in close 
proximity to two hospitals. Association leads to equal Shareholder- 
ship within two years. Full benefit package, guaranteed salary and 
professional management. Send CV to: Administrator, Statesville 
Medical Group, P.O. Box 1460, Statesville, NC, 28677 or call 
(704) 878-2011. 


SURGERY, GENERAL: well established 2-man general surgical 
practice in rural Central Wisconsin seeking third BC/BE surgeon. 
Challenging broad-based surgical practice combined with attractive 
lifestyle. Area abounds with outdoor activities. Send CV to: Berlin 
Surgical Associates, P.O. Box 20, Berlin, WI 54923, (414) 361- 
4306. 


Thoracic Surgeon experienced in adult cardiac, general thoracic 
and peripheral vascular surgery is needed to join 195 physician 
multispecialty prepaid group in Hawaii. Board certified associate. 
Excellent fringe benefits. Malpractice paid. Please direct curriculum 
vitae: Hawaii Permanente Medical Group, Inc., 3288 Moanalua 
Road, Honolulu, HI 96819. (An Equal Opportunity Employer). 


BC/BE GENERAL SURGEON: Twenty-Seven physician multi- 
specialty group in Tulsa, Oklahoma is seeking a qualified M.D. to 
accept the second General Surgery position within the group. A 
highly competitive guaranteed salary and benefits are offered, as well 
as a stimulating professional environment. Availability can be any 
time prior to July 1989. Interested parties should address a 
curriculum vitae to: C. B. Rebsamen, M.D., Medical Director, 
Medical Care Associates of Tulsa, 7912 East 31st Court, Suite 
302, Tulsa, Oklahoma 74145. 





The Inefficiency of Total Parenteral Nutrition to 
Stimulate Protein Synthesis in Moderately 


Malnourished Patients 





INGRID WARNOLD, PH.D., ELISABETH EDEN, M.D., PH.D., and KENT LUNDHOLM, M.D., PH.D. 


The acute whole-body and peripheral tissue protein response 
to total parenteral nutrition (TPN) was evaluated before sur- 
gery in moderately malnourished patients with stable disease. 
A primed constant infusion of (U-'*C) tyrosine was used in 
combination with simultaneous measurements of the leg ex- 
change of amino acids, glucose, glycerol, and free fatty acids 
(FFA). Energy expenditure was measured by indirect calorim- 
etry. Sixteen patients with stable disease and in need of nutri- 
tional support were randomized to receive TPN at rates either 
corresponding to resting requirements (nonprotein calories at 
120% of REE with 0.2 g of N/kg/d) or at increased rates 
(200% of REE with 0.33 g of N/kg/d). Energy expenditure was 
not affected by the low rate of TPN, but increased with the 
high rate, with a thermic effect corresponding to 16% of basal 
levels. Tyrosine flux and incorporation rate into whole-body 
proteins (protein synthesis) were not altered by the low TPN 
rate, but increased with the high rate. Estimates of protein 
breakdown decreased, and tyrosine oxidation increased signifi- 
cantly with both rates of TPN. Protein synthesis was stimu- 
lated at the high dose rate only. However, a positive whole- 
body tyrosine balance (net protein synthesis) measured by the 
14C tyrosine technique was associated with a continued nega- 
tive tyrosine balance across the skeletal muscle compartment 
in the leg. The results demonstrate that TPN given at rates 
corresponding to resting needs of 0.2 g of N/kg/day is insuffi- 
cient to promote protein synthesis in the majority of body pro- 
teins. Skeletal muscles may remain in negative protein balance 
even at high TPN loads. Our results reflect the difficulties of 
expanding lean body mass through intravenous nutrition in 
moderately malnourished patients—even those with stable 


disease. 
W number of patients receiving intravenous 
nutrition or nasogastric tube-feeding remain 


in negative amino acid balance, even while in the fed 
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state.’ This has been particularly obvious whenever the 
amino acid balance has been measured across peripheral 
tissues.” Such an inefficient therapy may be due to either 
the underlying disease or an inadequate treatment. We 
have speculated that a lack in the overall initiation of 
whole body protein synthesis in response to clinical nu- 
trition may, in part, be explained by the recent medical 
practice of decreasing both calorie and protein prescrip- 
tions, particularly with regard to intravenous (I.V.) nu- 
trition. Our theory is that this recent practice may lead 
to a situation in which changes in plasma levels of sub- 
strates and hormones will be too small to effectively 
trigger an overall initiation of the whole body protein 
synthesis. Therefore, in order to test this theory, we have 
measured whole body protein kinetics by infusing pa- 
tients with stable disease with (U-'*C) tyrosine in combi- 
nation with simultaneous measurements of flux of 
amino acids across the leg. In the patients with a nitro- 
gen intake of 0.2 or 0.33 g of N/kg/day respectively, total 
parenteral nutrition (TPN) was given at rates corre- 
sponding to either 1.2 or 2.0 times the resting require- 
ments of nonprotein calories. The results demonstrate 
that I.V. nutrition at rates close to those of resting needs 
improves overall protein balance by inhibiting protein 
breakdown only, whereas much higher infusion rates are 
needed to induce net whole-body protein synthesis, al- 
though protein balance in skeletal muscles may remain 
negative even in the presence of a net whole-body pro- 
tein synthesis. 


Material and Methods 
Patients 


Sixteen patients (four women and 12 men) with vary- 
ing diagnoses and nutritional status, but with stable dis- 


144 WARNOLD, EDEN, AND LUNDHOLM 


TABLE 1. Nutritonal Status in the Two Groups of Patients 
Randomized to Receive Different Levels of TPN. (mean + SEM) 


Nutritional Therapy 
120% of 200% REE 
REE 0.2 g 0.33 g of 

of N/kg N/kg 
Age (years) 67 +3 69 + 3 
Body weight (kg) 62.4 + 2.7 65.3 + 4.5 
Arm muscle circumference (cm) 23.3 + 0.9 23.2 SA3 
S-albumin (g/l) 51.3 = 1:6 34.6 + 1.4 
Total body potassium (mmol) 2847 + 163 2870 + 295 


(REE = resting energy expenditure). 


ease, were studied in a surgical ward. Mean values of age 
and nutritional variables are presented in Table 1. All 
but two patients were studied before surgery. In the two 
patients studied before surgery, the measurements were 
made during stable conditions, 10 days and 5 weeks 
after surgery, respectively. All patients had normal 
serum liver tests and serum creatinine. No patients with 
cancer disease were included in this study. All patients 
were judged on clinical grounds as candidates for nutri- 
tional support, and all had lost between 5-10% of body 
weight, with no significant difference between the two 
groups. All received a regular hospital diet of their own 
choice. Their intake included approximately | 100-1300 
Kcal of nonprotein calories and 40-45 g of protein per 
day. The diagnoses were: angina abdominalis (two), gas- 
tric and duodenal ulcer (five), status post vascular re- 
construction (one), aortic aneurysm (two), intermittent 
claudication (one), chronic pancreatitis (one), diverticu- 
litis (one), chronic cholecystitis (one), oesophagitis 
(two). This study was approved by the Ethical Commit- 
tee and the Isotopic Committee, Sahlgrenska Hospital. 
Informed consent was obtained from all patients. 


Nutritional Status 


The arm circumference and triceps skinfold were 
measured at the midpoint of the left arm. The arm mus- 
cle circumference was calculated as described by Haider 
and Haider.* The measurements were compared with 
Swedish reference values for arm anthropometric mea- 
sures.* Serum albumin was analysed according to the 
standard procedure of our hospital (bromcresol green). 
Total body potassium (TBK) was measured in a whole- 
body counter.° Values for body weight and total body 
potassium were compared to predicted normal values 
accounting for age and sex. These values are referred to 
as body weight index and total body potassium index. 


Whole Body Tyrosine Kinetics 


The patients were studied at rest in bed. Tyrosine 
kinetics were measured on Day 1 (see below) after an 


Ann. Surg. + August 1988 


overnight fast (12 hours) and during TPN infusion on 
Day 2. After infusions and measurements (7 hours) on 
Day 1, the patients were allowed to eat freely until 8 
p.m. After this time, water intake only was allowed. On 
the morning of Day 2 after the 12-hour fast, the second 
infusion was given. The parenteral nutrition solutions 
(see below) were infused together with the isotope for 6 
hours, as they were during Day 1. 

During the fasted and fed states (Days | and 2, respec- 
tively), whole-body protein kinetics were measured at 
steady state conditions after a primed constant infusion 
of L-(U-'*C) tyrosine (0.6 uCi/kg body weight) in each 
individual. 

On Day 1, ('*C) tyrosine was administered intrave- 
nously in 500 ml of normal saline (for the first 10 mi- 
nutes), using a mMonoexponentially primed infusion fol- 
lowed by a constant infusion (80 ml/hr) during 6 hours 
in which an infusion pump (IVAC) (Stockholm, Swe- 
den) was used.° The same pump was used for all isotopic 
infusions. To determine specific radioactivity of whole 
blood tyrosine, radial arterial blood samples were drawn 
before infusion and at 4, 5, and 6 hours after the start of 
infusion. In samples taken at 4, 5, and 6 hours after 
infusion, plateau values were calculated from the mean 
specific radioactivity according to our previous investi- 
gations of the change in time course rise in specific activ- 
ity. Whole blood samples were immediately precipi- 
tated by 10% trichloraocetic acid (final concentration), 
and tyrosine was enzymatically converted to tyramine’ 
and analyzed fluormoetrically, as described in Waalkes 
and Underfriend’s report.® The radioactivity was mea- 
sured by liquid scintillation beta counter. Measurement 
of specific radioactivity in expired carbon dioxide and 
the determination of the oxidation rate of tyrosine were 
measured in a ventilated hood system’ during the last 30 
minutes of infusion.° 

The oxygen consumption and carbon dioxide produc- 
tion were measured during the last 30 minutes of the 
infusion periods.? The energy expenditure was calcu- 
lated from measurements of respiratory gas exchanges, 
according to Lusk et al.'° 

On Day 2, before the I.V. nutrition infusions were 
given, the resting oxygen consumption and carbon 
dioxide production were measured during a 30 minute 
period. The residual '*CO, in expired gases was quanti- 
fied and accounted for as blank values in subsequent 
calculations of tyrosine oxidation. The isotope was 
added to the amino acid solution (0.8 uCi/kg body 
weight) and was infused (as on Day 1), using a monoex- 
ponentially primed constant infusion rate. The constant 
infusion rate was determined by the calculated prescrip- 
tion of the nitrogen need (see below) by means of the 
IVAC infusion pump that had been used for '*C-tyro- 
sine infusions of Day 1. The oxygen consumption, car- 
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bon dioxide production, and tyrosine oxidation were 
again measured during the last 30 minutes after the 6- 
hour infusion. 


Calculation of Tyrosine Flux and Protein Dynamics 


Whole-body tyrosine flux, oxidation, and incorpora- 
tion into proteins (protein synthesis) were calculated as 
described by James et al.’ Assuming the mass fraction of 
tyrosine in protein to be 3%, protein synthesis was de- 
rived from the difference between whole body tyrosine 
flux and oxidation of tyrosine.’ Assumptions and limita- 
tions of this method and other methods for measure- 
ment of whole body protein kinetics have been dis- 
cussed in detail in the report of Waterlow et al. "' 


I.V. Nutrition 


Results of energy expenditure, as measured during 
Day 1, were used to calculate the individuals’ resting 
needs for TPN on Day 2. Seven patients were random- 
ized according to nutritional state!” to receive nonpro- 
tein calories at a level corresponding to 120% of their 
resting energy expenditure (REE) and 0.2 g of nitrogen 
per kg body weight (Table 1). The remaining nine pa- 
tients were randomized to receive nonprotein calories at 
a level of 200% of their REE and 0.33 g of nitrogen per 
kg body weight. Half of the nonprotein calories were 
given in the form of 30% D-glucose solution and half as 
a soybean oil fat emulsion (Intralipid 20%*). The crys- 
talline amino acid solution was Vamin Nf. Vitamins, 
minerals, and trace elements were given according to 
recommendations for hospitalized patients. All three 
solutions (glucose, lipids, and amino acids) were infused 
simultaneously into a central vein using IVAC pumps. 


Substrate Exchange Across the Leg 


Arterial (A radialis) and venous (V femoralis) blood 
samples were drawn simultaneously 6 hours after the 
start of the infusion at steady state. The whole blood 
samples were analyzed for free amino acids, which were 
separated by HPLC-technique with a precolumn deriva- 
tization procedure.'*'* Plasma samples were analyzed 
for glucose, and glycerol by kits from Boehringer Mann- 
heim, West Germany. Free fatty acids (FFA) were mea- 
sured by an enzymatic colorimetric test (NEFA)™ 
(Wako Chemical Company, Osaka, Japan). Leg blood 


* Intralipid 20%F contains per liter: 200 g of soybean oil, 12 g of 
lecithin, 22.5 g of glycerol. 

+ The L-amino acid solution used for infusion contained in grams 
per liter: gly 2.1, asp 4.1, glu 9.0, ala 3.0, arg 3.3, cystein-cystin 1.4, his 
2.4, ile, 3.9, leu 5.3, lys 3.9, met 1.9, phe 5.5, pro 8.1, ser 7.5, thr 3.0, trp 
1.0, tyr 0.5, val 4.3. 


TOTAL PARENTERAL NUTRITION AND PROTEIN SYNTHESIS 145 


TABLE 2. Energy Expenditure, Respiratory Quotient, and Energy 
Expenditure in Percentages of Predicted Expenditure 
According to Harris-Benedict (mean + SEM) 


Nutritional Therapy 
120% of REE 200% of REE 
0.2 gof N/kg 0.33 gof N/kg 
Energy expenditure Fasting 1129+ 78 1095 + 56 
(Kcal/24 hrs) TPN 1148 + 92 1274 + 67ł 
Respiratory quotient Fasting 0.79 + 0.03 0.79 + 0.01 
TPN 0.82+0.01t 0.84+0.01f 
Energy expenditure in % Fasting 35 +3 83+5 
of that predicted* TPN 87+ 5 97 + St 


* Calculated from Harris-Benedict formula. 
+ Fasted vs. TPN p < 0.05. 
¢ Fasted vs. TPN p < 0.01. 


flow was measured by a strain-gauge plethysmograph.!” 
All these measurements were performed both during 
fasting (Day 1) and I.V. nutrition (Day 2). The leg ex- 
change of amino acids and energy substrates were cal- 
culated as the arterio-venous difference multiplied by 
the leg blood flow.' 


Statistical Analysis 


Paired comparisons were obtained from each patient 
between the fasted and the fed states, and were evaluated 
using Student’s t test for paired observations. The com- 
parison in the fed state between 120 and 200% intakes 
was performed by the nonparametric Mann-Whitney 
u-test. Correlations were calculated using the least 
square method. A parametric group comparison test 
was used to test whether the leg balance of amino acids 
or substrates differed significantly from zero balance; p 
< 0.05 was chosen as the significant level.'° 


Results 


Thirty-two infusions were performed in 16 patients, 
who were randomized into two comparable groups with 
regard to age and nutritional status. Thus we obtained 
two groups (n = 7, n = 9) that did not differ significantly 
in their overall nutritional state (Table 1), energy expen- 
diture (Table 2), and tyrosine flux (Table 3). Although 
the patients are a heterogeneous group with a variety of 
diseases, the normal fasting protein breakdown data and 
its comparatively small standard error in Fig 1 indicates 
that the patients rather suffered from moderate malnu- 
trition than catabolism (Fig 1). Over a period of 6 
months, the mean body weight loss was 7.5 + 2 kg. The 
body weight index for the total patient material was 0.87 
+ 0.03, and the total body potassium index was 0.98 
+ 0.02, suggesting that body fat represented the major 
part of the weight loss. The arm muscle circumference 
and triceps skinfold were 93 + 2% and 78 + 9% of the 
predicted normal values. 
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TABLE 3. Tyrosine Kinetics in the Fasting and Fed State (means, SEM) 


Nutritional Therapy 


200% of 
120% of REE REE 0.33 g 
0.2 g of N/kg of N/kg 
Tyrosine flux Fasting 488 + 61 488 + 31 
(nmol/min/kg) TPN 475 + 60 625 + 34tt 
Tyrosine oxidation Fasting 29+ 6 322° 4 
(nmol/min/kg) TPN 31 6° 61+ 71$ 
Tryosine Fasting 459 + 57 456 + 28 
incorporation TPN 448 + 57 564 + 28tt 
into protein 
(nmol/min/kg) 


* Fasted vs. TPN, p < 0.05. 
+ Fasted vs. TPN, p < 0.01. 
t 120% vs. 200%, p < 0.05. 
§ 120% vs. 200%, p < 0.01. 


Energy Expenditure 


The energy expenditure was not affected by the low 
rate of TPN, but increased (p < 0.01) with the high rate. 
The respiratory quotient (RQ) increased with both ther- 
apies, compared with the fasting RQ (p < 0.05). The 
measured energy expenditure during fasting was signifi- 
cantly lower than that predicted from the Harris-Bene- 
dict equation, but approached the predicted levels with 
the high rate of TPN. These findings agree with our 
earlier results in hospitalized patients.” 


Tyrosine Flux, Oxidation and Flux into Protein 


Tyrosine flux and protein synthesis were not affected 
at all by the lower rate of I.V. nutrition (120% of REE 
and 0.2 g of N/kg), but were significantly increased (p 
< 0.01) by the higher rate of infusion (200% of REE and 


TABLE 4. Arterial Concentrations and Balances of Tyrosine and 
Total Amino Acids Measured Across the Leg in the Fasted 
and Fed State (mean + SEM) 


Nutritional Therapy 


120% of REE 20% of REE 
0.2 g of N/kg 0.33 g of N/kg 
Arterial Fasting 46+ § 44+ 7 
concentration of TPN EIS 46% 5 
tyrosine (mol/l) 
Balance of tyrosine Fasting -28 + 17 a2 £ 13 
(nmol/100 g/min) TPN —22+ 35 —28+ 13 
Arterial Fasting 1885 + 117 1807 + 143 
concentration of TPN 2576 + 129* 2878 + 266* 
total amino acids 
(umol/I) 
Balance of total Fasting —535 + 534 —726 + 204 
amino acids TPN —103 + 649 —186+ 511f 
(nmol/100 g/min) 


* Fasted vs. TPN, p < 0.01. 
+ Fasted vs. TPN p < 0.05 with a “sign test for few observations.” 
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TABLE 5. Arterial concentrations of Nonprotein 
Substrates (mean + SEM) 


Nutritional Therapy 


120% of REE 200% of REE 
0.2 g of 0.33 g of 
N/kg N/kg 
Glucose Fasting 5.0+ 0.1 4.7+0.2 
(mmol/l) TPN 7.4 + 0.4t Tot SOFT 
Lactate Fasting 0.56 + 0.05 0.57 + 0.04 
(mmol/l) TPN 0.60 + 0.05 0.82 + 0.08T§ 
Glycerol Fasting 122+8 125 £ 22 
(mmol/l) TPN 124 + 16 166 + 237 
FFA Fasting 580 + 50 520 + 50 
(mmol/l) TPN 380 + 60* 300 + 40F 


* Fasted vs. TPN, p < 0.05. 
+ Fasted vs. TPN, p < 0.01. 
t 120% vs. 200%, p < 0.05. 
§ 120% vs/ 200%, p < 0.025. 


0.33 g of N/kg), when compared with the fasted state. 
Tyrosine oxidation increased significantly with both 
rates of TPN. In comparisons of the two groups of pa- 
tients, tyrosine flux, oxidation, and protein synthesis 
were equal in the fasted state. Calculations of whole- 
body protein flux, oxidation, and synthesis are pre- 
sented in Table 3. Protein breakdown decreased signifi- 
cantly in response to the two TPN rates (Fig 1). Esti- 
mates of protein breakdown were calculated as 
described by Waterlow et al.'' and represent minimum 
values, since de novo synthesis of tyrosine from phenyl- 
alanine was not accounted for.'® 


Arterial Concentrations and Leg Exchange of Amino 
Acids and Substrates 


Table 4 shows the arterial concentration and balance 
of tyrosine, and the total amino acids during fasting and 
with the two rates of nutritional therapy. The arterial 
concentration of tyrosine was not affected by either of 
the nutritional therapies, but the concentration of phe- 
nylalanine increased three- to fourfold with TPN (p 
< 0.01, results not shown). The arterial concentration of 
total amino acids increased as a response to both nutri- 
tional therapies (p < 0.01). There was no improved bal- 
ance of tyrosine across the leg with either of the nutri- 
tional therapies. The balance of total amino acids im- 
proved significantly (p < 0.01) with the high TPN rate. 

Arterial concentrations of glucose, lactate, glycerol, 
and FFA were the same in the fasted state between the 
groups. Arterial levels of glucose and FFA changed sig- 
nificantly with the low rate of TPN and in addition 
lactate and glycerol changed on the high rate of TPN 
(Table 5). 

The peripheral blood flow, balance of glucose, lactate, 
glycerol, FFA, and arterial concentrations of insulin are 
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presented in Table 6. With the low rate of TPN there 
were no improvements in substrate balance. The only 
positive balance obtained was that of glucose with the 
high rate of TPN (p < 0.01). The arterial insulin con- 
centration increased from 4 to 19 „U/ml (p < 0.05) with 
the low level of TPN and from 5 to 42 U/ml (p < 0.01) 
with the high rate of TPN. The insulin response was 
higher with the high rate, compared with the low rate of 
TPN (p < 0.05). When compared between the therapy 
groups, the glucose balance improved significantly with 
the high level as opposed to the low level of TPN (p 
< 0.05). 


Discussion 


This study has examined alterations in whole-body 
protein dynamics, compared with simultaneous mea- 
surements of amino acid balances across peripheral tis- 
sues in moderately malnourished patients who were 
candidates for I.V. nutrition. The two objectives of the 
study were to evaluate whether information obtained 
with the primed constant infusion of labeled tyrosine 
reflects similar net changes in tyrosine flux as obtained 
from measurements of the arteriovenous balances; and 
whether the TPN infusion given at rates close to the 
resting needs of an individual can turn on net whole- 
body protein synthesis. 

The results demonstrate that information obtained by 
the frequently used primed constant infusion of amino 
acids cannot necessarily be extrapolated to reflect direc- 
tional changes in protein synthesis or breakdown in pe- 
ripheral tissues, such as skeletal muscles. Therefore, re- 
sults from whole-body turnover measurements may 
rather represent net alterations occurring predomi- 
nantly in one or several compartments only. 

In addition, our results demonstrate that TPN at in- 
fusion rates close to resting needs with 0.2 g of N/kg/ 
day, which is often prescribed in clinical practice, is in- 
sufficient to stimulate net whole-body protein synthesis. 
Our lowest nitrogen intake of 0.2 g of N/kg/day should 
then be compared to the recommended intake of 0.13 g 
of N/kg/day for oral diets.'? Because TPN was given 
only at two different rates, with a fixed relationship be- 
tween nonprotein calories and nitrogen, it was not possi- 
ble to decide precisely where the inflection point was 
located for net protein accretion and how nonprotein 
calories versus amino acids promote protein synthesis in 
our groups of patients. (An investigation of the indepen- 
dent relationship between protein synthesis and non- 
protein calories or protein would demand an unrealisti- 
cally large number of patient-investigations). With the 
inspection of individual results in additional experi- 
ments, it is likely that the breakpoint would be some- 
where between 1.7-2 times the resting requirements of 
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TABLE 6. Blood Flow and Balance of Glucose, Lactate, Glycerol, and 
Free Fatty Acids and Arterial Concentration of Insulin in 
the Fasting and Fed States (mean + SEM) 





Nutritional Therapy 


120% of REE 20% of REE 
0.2 g of N/kg 0.33 g of N/kg 
Blood flow Fasting 30+ 0.8 32% C2 
(ml/100 g/min) TPN s04 O05 4+ OF 
Glucose balance Fasting —98 + 104 210 +165 
(nmol/100 g/min) TPN —160 +509 1690 + 53ł§ 
Lactate balance Fasting —549 + 204 —607 + 86 
(nmol/10 g/min) TPN —319 + 66 —608 + 84 
Glycerol balance Fasting —140 + 43 —246 + 71 
(nmol/100 g/min) TPN -102 + 30 —80 +106 
Free fatty acid Fasting —268 +410 —835 +249 
balance TPN 74 + 364 —224 + 189* 
(nmol/100 g/min) 
Insulin arterial Fasting 4.¢ 1 S = 2 
concentration TPN So. = e 43 + 10% 


(uU/ml) 


* Fasted vs. TPN, p < 0.05 
+ Fasted vs. TPN, p < 0.01. 
t 120% vs. 200%, p < 0.05. 
§ 120% vs. 200%, p < 0.025. 


nonprotein calories and at a nitrogen infusion of 
0.25-0.30 g of N/kg/day. In a recent study, with in- 
creasing amounts of N!° glycine and oral intakes, pro- 
tein balance was achieved at a daily oral nitrogen intake 
of approximately 0.8 g of protein/kg/day (N 0.13 g of 
N/kg/day).'® Above this level, protein synthesis was 
stimulated proportionally—more so than protein 
breakdown—up to an intake of 0.3 g of N/kg/day. Our 
results agree with those from healthy well-nourished 
subjects!®!? and patients following surgery,” but are not 
quite comparable to the results of normal individuals 
starved for 10 days and then given I.V. refeeding. Such 
volunteers have positive amino acid balance across the 
forearm.”' The less efficient response in our patients 
may be a combined effect of malnutrition and constant 
infusion of I.V. nutrition. Constant infusion of I.V. nu- 
trition alters arterial peak levels of both substrates and 
hormones markedly less than does oral bolus eating.” 
The stimulation of protein synthesis in the present study 
was associated with a thermic effect of approximately 
16%, which agrees in magnitude with our previous ex- 
periments on constant TPN infusion at increasing 
rates.” 

We have recently reported that the increase in arterial 
concentrations of amino acids is a more potent factor of 
stimulating amino acid uptake in peripheral tissues 
(across the leg) than insulin.'* In addition, being at rest 
during the infusion is probably not the factor causing leg 
efflux of amino acids, since exercise aggravates amino 
acid efflux both immediately after and for several hours 
after exercise (own unpublished results). However, in 
the present study, we were able to demonstrate a stimu- 
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Directional change in protein breakdown 


5 


g prot./kg/day 





120% fast 120% fed 200%fast 200% fed 
group 


FIG. 1. Estimates of protein breakdown (g/kg/day) during fasting state 
and in response to low (120%) and high (200%) TPN infusion rates. 
The values are calculated as described by Waterlow et al.,'' on the 
assumption that de novo synthesis of tyrosine from phenylalanine is 
unchanged from the fasted to the fed state. It should be emphasized, 
however, that the significant decrease in breakdown would be even 
more pronounced with regard to “true rates,” since tyrosine de novo 
synthesis is increased in the fed state.'® Bars indicate SEM. 


lation in net whole-body tyrosine incorporation into 
proteins (protein synthesis) without any change in the 
arterial concentration of tyrosine. This lack of increase 
in the arterial concentration of tyrosine was concom1- 
tant with an unchanged balance of tyrosine across the 
leg, even with a high infusion rate. These results support 
the conclusion that protein synthesis is stimulated dif- 
ferently in peripheral tissues than it is in other tissues, 
such as visceral organs. In this respect, we regard the 
results obtained from the constant infusion tracer 
methods to represent primarily the synthesis of visceral 
proteins. It is not likely that the lack of statistically sig- 
nificant alterations in the balance of total amino acids, 
lactate, glycerol, and FFA with the low TPN rate are due 
only to an insensitive methodology, since the balance of 
glucose, FFA (Table 6), and amino acids (Table 4) were 
clearly improved when measured with the high TPN 
rate. We found it more likely that constant infusion of 
I.V. nutrition as it is used in medical practice gives in- 
crements too small in arterial levels of amino acids and 
insulin to switch the flux of many substrates from one 
direction to the opposite, as compared with the bolus 
intake of ordinary food.” 

Various amino acids have been used to explore pro- 
_ tein dynamics in humans. Some of them may be less 
appropriate for this purpose than others.'' It has been 
suggested that under many experimental circumstances, 
carboxylabeled leucine may be the most suitable amino 
acid.!! The main limitation with tyrosine is that, be- 
cause de novo synthesis of tyrosine from phenylalanine 
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is not measured by the single infusion of ('*C) tyrosine, 
protein breakdown cannot be calculated precisely. This 
limitation may be overcome in future studies by the 
simultaneous infusion of deuterium, labeled phenylala- 
nine.”*?° In the present study, tyrosine was judged the 
most suitable marker for investigating how protein syn- 
thesis is turned on in response to low and high TPN 
infusion, and how such a response relates to flux across 
peripheral tissues. The advantage with tyrosine is that 
approximate plateau values are reached within 4-6 
hours after a primed monoexponential infusion.® Others 
have shown that a theoretical advantage with leucine 
due to a more rapid appearance of '*CO, in expired 
carbon dioxide is not a real one and that, although ab- 
solute rates differed, the two amino acids gave qualita- 
tively the same information on protein synthesis.”° This 
kind of whole-body kinetic experiment should, how- 
ever, not be expected to produce the absolute values 
discussed by Waterlow and colleagues.'' Because the 
majority of leucine taken up is not used for protein 
synthesis, but is probably used for oxidation in skeletal 
muscles, leucine may be less appropriate than tyrosine 
for use in measurements of flux across the leg to reflect 
protein balance.'*?’?® By contrast, tyrosine is not me- 
tabolized in the skeletal muscles. These aspects are illus- 
trated by the fact that the leg exchange of tyrosine was 
unchanged in both fasted and fed state, whereas the ef- 
flux of total amino acids decreased. This decrease was 
significant with the high rate of TPN. Such results also 
show that the improved nitrogen economy across the leg 
was achieved by decreasing leg output of glutamine and 
alanine (results not shown), which is perhaps due to 
decreased branched chain oxidation. 

It has been reported that postabsorptive de novo syn- 
thesis of tyrosine from phenylalanine is around 15% of 
the tyrosine flux in humans.”* Feeding or infusions of 
phenylalanine, as used in this study, stimulate phenylal- 
anine to tyrosine conversion to a significant extent, de- 
pending on the infusion rate of phenylalanine.'° In con- 
trast to tyrosine, the phenylalanine plasma concentra- 
tion increased significantly with both rates of TPN. 
Therefore, it was not possible to calculate protein 
breakdown rate in absolute values. However, we know 
that protein breakdown decreased significantly even at a 
low TPN infusion rate, since the intake of tyrosine in- 
creased in all patients (by 41 nmol/kg/min, the infusion 
rate of tyrosine), though this did not increase tyrosine 
flux. If, however, we assume that de novo tyrosine syn- 
thesis is equal in the fasted and fed states, we will then 
have an estimate of minimum values for breakdown in 
comparison with the measured values of protein synthe- 
sis. We regard this approach as reasonable, since under 
no circumstances has phenylalanine to tyrosine conver- 
sion been reported to decrease in the fed state as com- 
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pared with the fasted state. Although the absolute values 
for breakdown cannot be regarded as correct, it can be 
shown in a mathematical plot how protein breakdown 
and balance will change depending on various absolute 
rates in de novo tyrosine synthesis in fasted and fed 
states (results not shown). The change will be a linear 
decrease in breakdown, resulting in constant improve- 
ments in protein balance with both low and high TPN 
infusions. Estimates of protein breakdown are presented 
in Figure 1. 

In conclusion, this study demonstrates that changes in 
whole-body protein kinetics estimated by the primed 
constant infusion of (U'*C) tyrosine may represent net 
changes in only some or few compartments, rather than 
show the same directional changes in the majority of 
whole-body compartments. This was demonstrated by a 
net whole-body protein synthesis in combination with a 
simultaneous net outflow of tyrosine from skeletal mus- 
cles. The results in the present study may have impor- 
tant bearing on the formulation of TPN regimens to 
patients, although they represent kinetics that come 
after only 6 hours of TPN infusion. The results support 
the suggestion that standard prescriptions of TPN will 
hardly promote protein synthesis in the skeletal muscles 
in the majority of hospitalized malnourished patients 
and are, in a significant number of patients, perhaps 
inadequate to promote net protein synthesis at all. Im- 
proved nitrogen balance in such patients is then 
achieved by decreasing protein breakdown rates. 
Whether we would see similar results after a 10-15 day 
period of parenteral nutrition is not known at present, 
although the difficulties in expanding lean body mass by 
I.V. nutrition is well-recognized as reported by 
others.?8-*° 
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Lethal “Thin” Malignant Melanoma 


Identifying Patients at Risk 





CRAIG L. SLINGLUFF, JR., M.D., ROBIN T. VOLLMER, M.D., DOUGLAS S. REINTGEN, M.D., 


and HILLIARD F. SEIGLER, M.D. 
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Thin melanomas can metastasize and be lethal. The purpose of 
this review was to identify negative risk factors in patients with 
melanomas less than 0.76 mm thick. Six hundred and eighty- 
one (681) such patients are reviewed in this study. Of those 
referred without metastatic disease (583 patients), metastases 
developed in 4.8% after a mean followup of 3.6 years. Of those 
referred with metastatic disease (98 patients), mortality was 
35% after a mean followup of 5.9 years. Male patients (p 
< 0.04) and patients with axial primaries (p < 0.05) were at an 
increased risk of metastasis. Severe histologic regression was 
present in 40% of the primary lesions that metastasized and in 
only 17% of similar lesions that did not (p < 0.001). Increased 
age was associated with increased local skin metastases, but 
not with increased nodal or distant metastases. A prognostic 
model was designed, using two clinical risk factors (axial pri- 
mary site and male sex) and two histologic risk factors (Clark’s 
Level IV and severe histologic regression). The prognostic 
model identified a low-risk population—women with extremity 
primaries—with an actuarial risk of metastasis at 10 years 
that was less than 3%. Patients with either (1) both clinical risk 
factors or (2) one clinical risk factor and one histologic risk 
factor were identified as high-risk patients. Their actuarial risk 
of metastasis was 11% at 5 years and 22% at 10 years (p 
= 0.0084). Identifying high-risk and low-risk patients with 
thin melanomas may improve guidelines for the application of 
adjuvant therapies to this population. 


predict prognosis in malignant melanoma by ex- 

amining a number cf histologic characteristics. 
They noted that more superficial lesions had better 
prognoses. In 1969, Clark? designated five anatomic 
levels of invasion and reported, as did others,” that there 
was an increased frequency of metastasis and an in- 
creased mortality corresponding with the increasing 
Clark level of the primary melanoma. One year later, 


I N 1953, ALLEN AND SPITZ! made the first attempt to 





Reprint requests and correspondence: H. F. Seigler, M.D., Professor 
of Surgery, Professor of Immunology, Duke University Medical 
Center, Box 3966, Durham, NC 27710. 

Submitted for publication: Deceinber 23, 1987. 


From the Duke University Medical Center, Durham, 
North Carolina 





Breslow’ showed that the depth of invasion of a mela- 
noma could be easily measured with an ocular microm- 
eter, which is more reproducible than estimating the 
level of invasion and contains more prognostic infor- 
mation than the Clark level measurement. 

A number of investigators have used the dominant 
prognostic factor of tumor thickness to identify lesions 
that are less likely to metastasize and thus may be cur- 
able with simple surgical resections. In Breslow’s experi- 
ence, lesions less than 0.76 mm in tumor thickness (thin 
melanomas) did not metastasize.’ Since that time, how- 
ever, many authors®”® have reported metastases and 
mortality from thin melanomas. A recent report on the 
occurence of metastasis in 36 of 654 patients with thin 
melanomas suggests that the risk of metastasis from a 
thin melanoma is approximately 5%.'° 

Because significant sequelae are possible, the rela- 
tively favorable prognosis of thin melanomas, although 
encouraging to the patient, may be misleading. Differ- 
entiation of high- and low-risk patients with thin mela- 
nomas, therefore, has clinical importance. Because only 
a low percentage of thin melanoma patients experience 
recurrences, a large population is critical in making rele- 
vant conclusions regarding risk factors in this group. 
This report details our experience with 681 patients in 
this subgroup of melanoma patients with lesions less 
than 0.76 mm thick. The goals of this study were to 
identify clinical and histologic variables that might pre- 
dict a greater likelihood of metastasic disease. Because 
histological regression has been a subject of debate, it 
was variable of special interest in our study. Another 
goal was to develop a comprehensive prognostic model 
for patients with thin melanoma that might be applica- 
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ble clinically in identifying (1) the patients who truly 
have minimal risk of metastasis and whose disease does 
not warrant adjuvant therapy and (2) the patients at 
greatest risk of developing progressive disease, and in 
whom adjuvant therapy might be advised. 


Patients and Methods 


Characteristics of patients with thin melanomas are 
listed in Table 1 and are compared with those of patients 
with thicker melanomas (0.76 mm or greater). Since 
1972, more than 5500 melanoma patients have been 
registered at our Cancer Center. As noted, 681 patients 
were identified with primary lesions less than 0.76 mm 
thick. This accounted for 18.5% of the 3681 patients for 
whom records of thickness exist. Mean followup was 
4.03 years. Thirty-eight patients were followed for 10-20 
years. There was a female predominance in the thin 
melanoma group. Black patients were rare. 

Primary sites included the trunk (45.7%), extremities 
(39.4%), and head and neck (13.4%). Only 1.5% were on 
other regions, including subungual, palmar, plantar, and 
ocular sites. This distribution is similar to that of thicker 
lesions (Table 1). 


Pathologic Review 


A detailed pathologic review of the central cross sec- 
tion cut was accomplished, along with step sections 
from each lesion. The review included histologic type, 
Clark level, Breslow thickness, ulceration, the presence 
or absence of vascular and/or lymphatic invasion, re- 
gression, mitotic rate, pigmentation, peritumoral and 
intratumoral inflammation, evidence of intradermal 
nevus, subtumor blood vessels and host inflammatory 
response. Relevant findings are listed in Table 2. The 
slides are routinely reviewed by three pathologists, 
headed by one co-author (R.V.). Any discrepancies in 
pathologic interpretations are subjected to additional 
review. 

Histologic regression was graded as follows and in all 
cases referred to only the skin adjacent to the main 
tumor mass. Minor inflammation (lymphocytes and 
macrophages) without fibrosis was graded 1; mild fi- 
brous thickening of the papillary dermis was graded 2; 
and thick fibrosis with near or total absence of any me- 
lanocytes was graded 3. Grades 1, 2, and 3 are also 
referred to as mild, moderate, and severe regression, re- 
spectively. Each grade of regression is demonstrated in 
the photomicrographs of Figures 1 A-C. 


Treatment Received 


Depending on the surgeon and anatomic site of the 
lesion, the primary melanomas were excised with mar- 
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TABLE 1. Characteristics of Melanoma Patients Grouped 
by Thickness of the Primary Lesion 





Thin Thicker 
<0.76 mm >0.76 mm 

Number of patients 681 3000 
Proportion 18.5% 81.5% 
Men:Women 0.87 1.16 
Black 0.3% 1.0% 
Mean age (years) 45.6 48.3 
Primary site 

Trunk 45.7% 42.3% 

Extremity 39.4% 36.8% 

Head & Neck 13.4% 16.1% 





gins of 1-5 cm. In rare cases, smaller margins were ob- 
tained. These are discussed as they relate to local recur- 
rence. Therapeutic lymph node dissections were per- 
formed when regional nodes became clinically palpable. 
If the primary lesion pathologically exhibited invasion 
to the junction of the papillary and reticular dermis 
(Level III) or deeper, the patients were treated with an 
adjuvant specific active immunotherapy program. '! 


Referral Patterns and Effects on the Patient Groups 


Because adjuvant immunotherapy is reserved for pa- 
tients with higher risk lesions, patients with primary le- 
sions less than 0.76 mm thick and less than Clark’s Level 
III are not usually referred to our clinic unless they have 
documented metastatic disease. 

Because of the selection involved in the referral of 


TABLE 2. Histologic Characteristics of Thin Melanomas 


Variable Value Incidence 
Clark’s level 
(n = 671) I 1.8% 
II 35.0% 
Ill 56.9% 
IV 6.3% 
Ulceration 
(n = 630) Present 5.7% 
Histologic type 
(n = 672) Lentigo maligna 5.3% 
Superficial spreading 89.6% 
Nodular 1.9% 
Acral lentiginous 1.0% 
Vascular invasion 
(n = 378) Present 2.1% 
Peritumoral inflammation 
(n = 380) Absent 3.2% 
Mitotic index 
(n = 374) Low 89.3% 
Medium 10.2% 
High 0.5% 
Regression 
(n = 253) Absent 47.4% 
Mild (1) 14.6% 
Moderate (2) 18.2% 
Severe (3) 19.8% 
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patients with these thin lesions, several analyses evalu- 
ated patients referred with metastases separately from 
those referred with primary lesions only. In our series, 
77% of the patients who had metastases were patients 
referred with metastatic disease. 

Patients referred with thin primary lesions, and with- 
out evidence of local, regional, or distant metastases, 
were evaluated in terms of risk of metastasis. Deaths in 
this group were so rare during the followup period that 
survival is a less meaningful endpoint for discussion. 

Prognostic factors known to be important for predict- 
ing metastases have also been shown to be important in 
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Fics. 1A-C. These photomicrographs represent histologic sections of 
thin melanomas with the various grades of regression: (A) severe re- 
gression (Grade 3), (B) moderate regression (Grade 2) at right of center, 
and (C) mild regression (Grade 1). All three photomicrographs are 
magnified 1300. 





predicting clinical course after metastasis.'* Patients re- 
ferred with metastatic disease were evaluated in terms of 
survival and the disease-free interval. 


Statistical Evaluation 


Actuarial disease-free interval and survival curves 
were constructed for the thin melanoma subgroup using 
the Kaplan-Meier method.'? A Cox-Mantel rank test!‘ 
was used to test statistical significance, with a p value of 
less than 0.05 considered significant. The p values re- 
ported refer to differences between survival distribu- 


Vol. 208 « No. 2 


tions, and not simply to differences in median survival. 
These analyses were performed with the existing soft- 
ware available in the computer system of the Duke 
Cancer Center Data Management Unit.'? Multivariate 
analyses performed on this system are Cox simultaneous 
proportional hazard analyses. 

A Cox proportional hazard model was also used 
to analyze prognostic factors related to disease-free in- 
terval and survival-time in patients who did develop 
metastases. Selected patient groups were analysed with a 
chi-squared statistic and a wilcoxon rank statistic to test 
the prognostic significance of single variables. These 
analyses were performed on the Triangle Universities 
Computation Center computer, using the SAS system™ 
(SAS Institute, Cary, NC) and the programs LOGIST™ 
and PHGLM™ of Harrell (Clinical Biostatics, Dur- 
ham, NC). 


Results 
Metastatic Disease 


Of the total population of 681 “thin” melanoma pa- 
tients, 127 (18.6%) suffered a metastasis at some point 
during their clinical course. This compares to 42.4% in 
the thicker lesions (Table 3). 

Of the 583 patients referred to our center with thin 
primary lesions and exhibiting no evidence of metastatic 
disease, 28 (4.8%) had recurrences during a mean fol- 
lowup of 3.6 years. Ninety-eight patients had metastases 
before referral to our medical center. Thirty-two pa- 
tients had metastases (9 local, 20 nodal, 3 distant) at the 
time of initial diagnosis. 

The site of first metastasis was local skin in 28 patients 
(22.0%), regional lymph nodes in 80 (63.0%), lung in 5 
(3.9%), distant skin in 4 (4.7%), gastrointestinal in 2 
(1.6%), and brain, liver, and bone in one each (0.8%). 
This pattern of metastasis is almost identical to that of 
thicker lesions (Table 3). 


Local Recurrence 


Local skin metastasis is defined as the presence of a 
metastatic tumor deposit within 5 cm of the primary 
tumor or its scar. Local recurrences are a subset of local 
skin metastases and refer to recurrences that appear 
after excision of the primary melanoma and which are 
in skin or subcutaneous tissue within 5 cm of the scar. 

Thirty-five patients (5.1% of the patients with thin 
melanomas) developed local skin metastases from thin 
melanomas. Ten had satellite lesions at the time of ini- 
tial diagnosis, and the remaining 25 patients (3.7%) had 
local recurrences, Thirteen of these 25 had recurrences 
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TABLE 3. Survival and Follow-up Data for Melanoma Patients 
Grouped by Thickness of the Primary Lesion 


Thin Thicker 
<0.76 mm 20.76 mm 

Recurrence 18.6% (127) 42.4% (1273) 
Site of first metastasis 

Nodes 63.0% 63.4% 

Local skin 22.0% 21.1% 

Lung 3.9% 5.5% 

Other 11.0% 10.0% 
Mortality 8.7% (59) 22.5% (675) 


within the scar, and the remainder recurred within 5 cm 
of the scar. 

The time from excision of the primary lesion to that 
excision of the local recurrence was less than 6 months 
for four patients; between 6 months and 2 years for eight 
patients; between 2 and 5 years for five patients, and 
more than 5 years for eight patients. One local recur- 
rence occurred 14.7 years after excision of the primary 
lesion. 

Four of the lesions that recurred were initially mis- 
diagnosed as benign; therefore, wide excisions were not 
performed. The retrospective review of the original 
slides revealed the correct diagnosis of the initial lesion 
to be melanoma. In these four cases, the mean time 
from excision of the primary lesion to excision of the 
local recurrence was 4.7 years. 

There were 21 cases in which there were local recur- 
rences after correct initial diagnosis. Margins of excision 
were determined as the least diameter of the wide exci- 
sion specimen, or the smallest measured margin, as re- 
ported by the pathologist. Of the lesions that developed 
local recurrence, those with margins less than | cm re- 
curred no sooner than those with wider margins: ten 
cases with margins less than 1 cm recurred after a mean 
of 3.4 years; nine cases with margins of 1 cm or greater 
recurred after a mean of 2.4 years. 


Survival 


Actuarial five-year survival was 92%. There were 59 
deaths in the series. The causal relationship between the 
melanoma and mortality is known for 47 patients. Of 
these, 40 deaths (85%) are attributed either to the mela- 
noma itself or to treatments for the melanoma. Seven 
deaths are attributed to unrelated causes. 


Prognostic Factors Relevant to the Clinical Course 


With thin melanomas, the prognostic difference be- 
tween axial and extremity lesions was marked. Five- and 
10-year actuarial survivals were 94 and 87%, respec- 
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Fic. 2. Thin melanomas arising in axial sites are associated with a 
shorter disease-free interval (DFI) than those arising in extremity sites 
(p = 0.0006). 


tively, for patients with extremity lesions, and 91 and 
63%, respectively, for those with axial lesions. Disease- 
free interval (DFD) was also significantly shorter for pa- 
tients with axial primaries (Fig. 2). The prognostic sig- 
nificance is outlined in Table 4. 

Male patients. had shorter disease-free interval than 
females (p = 0.02, Fig. 3). 

Overall DFI tended to be shorter for patients who, at 
the time of diagnosis, were more than 50 years old than 
for those 50 years old or younger (p = 0.065). Within the 
group of patients in whom metastases had developed 
before referral to our medical center, patients had a 
shorter DFI (median 0.8 years) if they were more than 
50 years old than if their age was 50 or less (median DFI 
= 2.2 years). 
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An increased risk of local skin metastasis accounts for 
the increased metastatic risk in older patients with thin 
melanomas.’ There is no significant age-related differ- 
ence in distant DFI or nodal DFI. (Table 5). This is 
evidenced further in Figure 4; with advancing age, the 
prevalence of local skin metastases—which occurred at 
any time during the patient’s course—was markedly in- 
creased, whereas the prevalence of nodal metastases was 
slightly decreased. There was no difference in the preva- 
lence of distant metastases. 

The histologic type of thin melanomas was superficial 
spreading in 90% of the patients, lentigo maligna in 5%, 
nodular in 2%, and acral lentiginous in 1%. The nodular 
melanomas were associated with a greater frequency of 
metastasis and mortality, but the number of patients 
with this entity were too few to demonstrate any statisti- 
cal significance. 

Thickness of the melanomas, within the 0 to 0.76 mm 
range, appear to have no consistent association with 
metastatic disease. Lesions 0.25 to 0.40 mm thick had a 
shorter DFI than patients with thinner (<0.25 mm) or 
thicker (>0.40 mm) lesions. Also, DFI was shorter for 
Level II lesions than for Level III lesions (p < 0.0001). 
As discussed above, these results are attributed to pat- 
terns of referral and follow-up, which uniquely affect the 
variables of thickness and Clark’s Level (H vs. HI). 

The presence of severe (Grade III) regression was as- 
sociated with a significant shortening of DFI (p 
= 0.0013). The actuarial DFI curves for thin melanomas ` 
with severe regression could not be distinguished from 
those of thicker (>0.76 mm) lesions (p > 0.54, Fig. 5). 

The absence of peritumoral inflammation was asso- 
ciated with a shorter DFI (p = 0.0322) and poorer sur- 
vival (p = 0.0001), but was found in twelve patients only 
(Table 4). 


TABLE 4. Univariate Analysis of Prognostic Criteria in Patients with Thin Melanomas 


Prognostic Significance* 


DFI Survival after Diagnosis 
Negative All Referred without All Referred with 

Prognostic Criteria Patients Metastasis Patients Metastasis 
Male Sex 0.0202 0.0381 0.1223 NS 
Clarks Level [V NS NS 0.0336 0.0383 
Axial vs. extremity 0.0006 0.0452 0.0042 0.0188 
Ulcer present NS NS NS NS 

No peritum. infi 0.0322 NS ' 0.0001 0.0037 
Increased mitoses 0.1518 — NS NS 
Severe regression 0.0013 0.1023 NS NS 
Multiple primaries 0.0407 NS NS NS 
Age > 50 years 0.0647 0.0650 — ones 


* All p values are derived from Cox-Mantel rank testing of actuarial 
survival and DFI curves. 


NS: p > 0.25, 


Vol, 208 « No. 2 


100 


Female (365) 


@ 
OQ 


Male (316) 


Q 
O 


J> 
O 


p= 0.0202 


N 
O 


% of patients remaining disease free © 


O 2 4 6 8 10 
Disease free interval (yrs) 


Fic. 3. Male patients have a shorter DFI than female patients (p 
= 0.0202}. 


Multiple primary melanomas were found in 36 pa- 
tients, and there was a association with metastasis, but 
not with survival (Table 4). The patients were managed 
and reviewed on the basis of the thickest lesion present. 


Comparisons of Metastasizing and Nonmetastasizing 
Lesions 


Characteristics of tumors that metastasized were 
compared to those of tumors that did not metastasize. 
This analysis included only Caucasian, nonpregnant pa- 
tients whose primary sites included head, neck, trunk, or 
extremities (excluding acral). Of the tumors that did not 
metastasize, only those with the longest follow-up were 
considered. This resulted in similar median follow-up 
times for the two groups. Histologic regression was 
graded in over half of these patients. 

Tumors that metastasized are compared with those 
that did not (Table 6). Metastatic lesions were more 
often axial, occurred more often in males, and more 
often showed severe regression than lesions that did not 
metastasize. 

The metastasizing tumors were also significantly 
thinner and of a lower level than those that did not 
metastasize. This appears to be an artifact, resulting 
from the patterns of patient selection and follow-up, as 
discussed above. 


Patients Referred Without Metastatic Disease 


Patients referred on the basis of their primary lesion 
alone were believed to represent best the typical experi- 
ence with thin melanomas. There were 583 patients in 
this group. Their actuarial 5-year survival was 96%. 
Within this group, 41% had extremity primaries and 
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TABLE 5. Prognostic Differences Relating Age to Metastasis: 
Comparing Patients More Than 50 Years Old to Patients 
50 Years Old or Younger 





p values Referred with Referred without 
(Cox-Mantel) Metastasis Metastasis 
Local DFI 0.0005 0.0473 
Nodal DFI 0.5065 0.2230 
Distant DFI 0.4772 0.2526 
Overall DFI 0.0064 0.0650 





57% had axial primaries. Actuarial DFI was shorter for 
patients with axial lesions (p = 0.045) and male patients 
(p < 0.04). Clinical and histologic characteristics of 
these patients are detailed in Table 7. 

Breslow thickness (p > 0.29), peritumoral inflamma- 
tion (p > 0.41), ulceration of the primary lesion (p 
> 0.88), and the presence of multiple primary lesions (p 
> 0.25) had no significant impact on the risk of metas- 
tasis in this subgroup of 583 patients. There were too few 
patients with vascular invasion for assessing its signif- 
cance. 

Clark’s level did have prognostic significance with re- 
gard to metastasis, but Level II lesions had a shorter DFI 
than Level III lesions (p = 0.021). The number of Level 
IV lesions was relatively small (35), and no significant 
difference could be demonstrated for Level IV lesions 
when compared with Level III (p > 0.60) or Level II (p 
> 0.40) lesions. 

In 214 patients, regression was graded. Those with 
severe regression (n = 35) had a 72% disease-free sur- 
vival at 5 years. Patients in whom regression was absent, 
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Fic. 4. The percentage of patients with local, nodal, or distant metas- 
tases that occurred at any time during the follow-up period are pre- 
sented for each age group of patients with thin melanomas. The total 
percentage of patients with any form of metastatic disease is also pre- 
sented for each age group. The only significant differences are for the 
occurrence of local metastases {chi-square = 8.33, 3df, p = 0.039), 
which increases with advanced age. 


156 


@ 
O° 
Q 


@ 
OQ 


{0.76 mm without severe regression(204) 







20.76 mm without 
severe regression (1087) 


% of patients remaining disease fre 


40 
(0.76mm with 
i severe regression (50) 
20 ee eee Te E REE 
20.76 mm with severe regression(|27) 
O - 
0 2 4 6 8 10 


Disease free interval (yrs) 


Fic. 5. Actuarial DFI is plotted for thin melanomas (less than 0.76 
mm) with and without severe regression, and for thick melanomas 
(0.76 mm or greater) with and without severe regression. The prognosis 
of thin melanoma patients with severe regression resembles that of 
patients with thicker lesions. Thin lesions without severe regression 
have a better prognosis than thin lesions with severe regression (p 
= 0.0013). 


mild, or moderate had a 94% disease-free survival at 5 
years (actuarial). The difference approached significance 
(p = 0.1023, Table 4). The presence of ungraded regres- 
sion had no impact on disease-free survival. 


Patients Referred with Metastatic Disease 


Of the patients referred with metastatic disease (96), 
34 (35%) died during the follow-up period. There was a 
predominance of axial lesions (70%), which were asso- 
ciated with shorter survival from the date of initial diag- 
nosis (p = 0.0188, Table 4), as compared to extremity 
lesions. 

Clark’s Level IV lesions had a poorer prognosis than 
Level III lesions (p = 0.0383), with median survivals of 


TABLE 6. Retrospective Analysis of Metastatic 
and Nonmetastatic Lesions 


Chi-square 

Factor Metastatic §Nonmetastatic p value 
N à 104 360 
Mean F/U (days) 2001 1724 
Median F/U (days) 1636 1656 
Axial 72% 54% 0.001 
Men 55% 43% 0.03 
Ave Thickness 0.52 mm 0.57 mm 0.0007 

3 (wilcoxon) 

Level > II 57% 81% 0.001 
Severe Regression 40% 17% 0.004 


Ulcerated 8% 71% NS 
NS: p > 0.05. 
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4.4 and 10.5 years, respectively (Fig. 6). Survival for 
patients with Clark’s Level II and Clark’s Level III le- 
sions did not differ (p > 0.92). _ 

Breslow thickness did not have a relationship with 
survival within this group (p > 0.25). Other evaluations 
within this subgroup are detailed in Table 4. 

Mortality, after a mean follow-up of more than 5 
years after diagnosis, was 33%. Forty-five patients (47%) 
developed further metastatic disease after their initial 
metastases that led to referral to our clinic. The clinical 
and histologic characteristics of these patients are listed 
in Table 7, segregated on the basts of the site of the 
primary melanoma. 


Site of Metastasis and Association with Prognostic Vari- 
ables 


The frequency of developing local, nodal, and meta- 
static disease during the course of follow-up revealed 
several interesting findings. As has been discussed, males 
were more likely to develop metastases from thin mela- 
nomas than females. The increased incidence of metas- 
tasis for males (p < 0.05, chi-squared) appears to be a 
reflection primarily of an increased frequency of nodal 
metastases (p < 0.01, Table 8). 

As noted earlier, local metastases were prone to de- 
velop in elderly patients in greater frequency than in 
younger patients, without an increase in other meta- 
static sites. 

The increase in metastases from axial primaries ap- 
peared to be distributed among local, nodal, and distant 
sites. The same was observed with severe regression 
(Table 8). 


Prognostic Model 


A prognostic model was designed to identify patients: 
at high, intermediate, or low risk of metastatic disease 
from a primary lesion less than 0.76 mm thick. A multi- 
variate analysis produced a risk equation, but this was 
no more useful in establishing a prognostic model than a 
more empiric approach. Increased age was associated 
with greater risk of metastasis, but in the absence of an 
age-related difference in distant and nodal metastasis, 
there was a disproportionate incidence of local metas- 
tasis. A skewing of risk prediction toward the risk of 
local metastasis was not considered as relevant to the 
prediction of long-term prognosis; therefore, age was not 
included in the prognostic model. Two clinical variables 
were included (sex of the patient, and site of the primary 
lesion). Two histologic variables were also included (the 
presence of severe regression, and a Clark’s Level of IV). 
The selection of the two clinical variables was based on 
their significant association with metastasis (Table 4). 
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TABLE 7. Clinical and Histologic Characteristics 
Referred with Metastasis Referred without Metastasis 
Primary site: Extremity Axial Extremity Axial 

Number of patients 27 69 241 333 
Men:Women 0.59 1.5 0.37 1.4 
Black l 0.0% 0.0% 0.8% 0.0% 
Mean age (years) 45.0 45.8 46.5 44,5 
Primary site 

Upper extremity 44% 46% 

Lower extremity 56% 54% 

Trunk 75% 78% 
Head and neck 25% 22% 
Metastasized 100% 100% 2.9% 6.3% 

Site of first metastasis 
Local 37% 18% 29% 14% 
Nodes 56% 70% ' 43% 55% 
Distant 1% 11% 29% 32% 
Mortality 26% 38% 3% 5% 
Mean follow-up 8.2 yr 5.0 yr 3.7 yr 3.5 yr 
Progressing 30% 54% 2.9% 6.3% 
Ulceration 0% 6% 6% 3% 
Clark’s Level 
I 0% 3% 3% 1% 
II 22% 51% 27% 38% 
III 59% 41% 62% 55% 
IV 11% 4% 7% 5% 
Severe regression 0% 47% 13% 19% 
Vascular invasion 17% 8% 1% 1% 


Although the effect of sex was not statistically significant 
in the multivariate analysis, inclusion of both sex and 
site produced a more reliable model. The selection of 
severe regression was based on its significant effect on 
DFI (Table 4) and its prevalence in lesions that metasta- 
sized (Table 6), especially axial lesions, while being rare 
in nonmetastatic lesions. A Clark’s Level of IV was as- 
sociated with greater mortality from thin melanomas 
(Table 4). 
Three risk groups were defined as follows: 


All female patients with extremity 
primaries (no clinical risk factors). 
All patients with one clinical risk 
factor (male or axial) and without 
either histologic risk factor (severe 
regression not present, and Clark’s 
Level less than IV). 

a) Patients with both clinical risk 
factors (men and axial). 

b) All patients with one clinical 
risk factor and one or more his- 
tologic risk factors (Level I'V, se- 
vere regression). 


Low-risk: 


Intermediate-risk: 


High-risk: 


Patients may also be assigned to risk groups by as- 
signing point values for each variable, as follows: men 
(2), axial (2), severe regression or greater than level IV 


(1). Low-risk is 0-1 point. Intermediate-risk is 2 points. 
High-risk is 3 or more points. Patients with acral and 
mucocutaneous primaries are believed to be at greater 
risk than those extremity primaries, but are too uncom- 
mon at this thickness to be adequately addressed. They 
are grouped with axial primaries for the purposes of the 
model. 
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FIG. 6. Patients with thin Clark’s Level IV melanomas have a poorer 


survival rate than patients with thin Clark’s Level III lesicns (p 
= 0.0336). 
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TABLE 8. Frequency of Outcomes of Disease in Subsets of Patients with Thin Melanomas During Mean Follow-up of 4 Years 


Frequency of Metastasis (%) 





Overall Local Nodes Distant Mortality 
Overall 18.6 5.1 13.5 9.4 8.7 
Sex 
Male 21.8" 4.4 17.4} 9.2 10.1 
Female 15.9 i 5.8 10.1 9.6 7.4 
Pregnant . 31.2 0.0 31.2 13.3 6.3 
Age (years) . 

0-30 16.5 2.2 16.5 9.9 11.0 
31-50 17.9 3.4 13.6 9.6 7.7 
51-70 20,2 7.7 12.9 9.0 Ll 
>70 21.2 12.1* 9.1 9.1 18.2 

Primary site 
Axial 22.4t 5.3 16.7f 11.9+ 10.2* 
Extremity 12.7 4.9 8.6 5.6 5.6 
Thickness (mm) 

0.0-0.25 11.5 Ta 3.8 0.0 0.0 
0.25-0.4 20.2 1.0 15.4 11.5 6.7 

0.4-0.6 20.7 6.0 14.7 11.7 9.8 

0.6-0.76 16.8 5.6 12.6 7.4 9.1 

Vascular invasion 
Absent 16.5 3.5 12.4 8.9 7.6 
Present (n = 8) 62.5t 25.0* 62.5t 37.5* 37.5* 
Ulcer 19.4 8.3 19.4 13.9 13.9 
Histology ' 
LMM 19.4 11.1 ILI 5.6 8.3 
SSM 17.4 4.4 12.8 8.7 9.5 
NM 46.2 23.1 30.8 - 23.1 15.4 
ALM (n = 7) 28.6 0.0 14.3 28.6 14.3 
Clark’s Level - 

I 167 0.0 16.7 16.7 8.3 
II 22.6 5.1 16.6 11.1 Ta 
III 15.4 5.2 11.0 7.3 8.6 
IV 21.4 7.1 14.3 14.3 16.7 

Mitotic rate l 
Low 18.3 3.3 14.1 9.9 7.2 
Medium 15.8 5.3 15.8 10.5 15.8 

Absence of 

peritumoral i 
inflammation 33.3 0.0 33.3 16.7 25.0 

Severe Regression ` 
Absent 14.8 3.0 10.8 ' 7.9 5.9 
Present 36.0ł 6.0 28.0f 18.0* 10.0 

Mult primary 30.6 5.6 19.4 16.7 8.3 
Asterisks mark variables with greater risk: +p<0.01. 

* p < 0.05. tp < 0.001, 


Application of the model to patients referred without 
metastatic disease resulted in three different actuarial 


curves for DFI (Fig. 7). Actuarial risk of metastasis is- 


2.9% at 5 years for the low-risk group, and rises to 6.2 
and 11% for the intermediate- and high-risk groups, re- 
spectively. At 10 years, those risks are 2.9, 6.2, and 22%. 
The high- and low-risk curves are significantly different 
(p = 0.0084). 

The actual observed rate of metastasis among the 
low-, intermediate-, and high-risk groups were 2.3, 3.8, 
and 8.0% (chi-squared 7.54, p < 0.023) during a mean 
follow-up of approximately 3.5 years for each group. 

Within the group of patients referred with metastatic 
disease, DFI was less for low-risk patients than for inter- 


mediate- and high-risk patients (p = 0.035, p = 0.0561, 
respectively, Fig. 8). 

Application of the model to the entire population also 
successfully segregates the population into three risk 
groups (Fig. 9). The actuarial risks of metastasis at 5 
years were 10, 22, and 30%, for low-, intermediate-, and 
high-risk groups. The low-risk and high-risk curves were 
significantly different (p < 0.0001). 


Discussion 


Thin melanomas (less than 0.76 mm) do have a mark- 
edly better prognosis than thick lesions, but 1n recent 
years there has been a reassessment of the early reports 
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Fic. 7. The prognostic model is applied to patients with thin mela- 
nomas who were referred without metastatic disease (n = 583). Ac- 
tuarial DFIs are plotted for high-intermediate-, and low-risk patients. 
The model successfully differentiates high- and low-risk patients in 
terms of their observed risk of metastasis (p = 0.0084). 


that these thin lesions never recur after simple exci- 
sion.'® In our series, 18.6% of the patients with the 
“thin” melanomas experienced metastatic disease, de- 
spite adequate excision of the thin primaries. 

Breslow suggested that the lethal “thin” melanomas 
may have been inadequately studied, and he recom- 
mended a 1-2 mm interval between step tissue sections. 
Concerning sampling error, Sondergaard!” has reported 
~ 95% consistency in histologic type, Clark Level, and 
tumor thickness when the central cross-section of the 
tumors was taken as representative of the lesion, when 
compared with step-sectioning at 1-2 mm intervals. 
Furthermore, Woods has reported 12 metastatic mela- 
nomas that measured less than 0.76 mm on multiple 
sections, 11 of which resulted in death.'* The experience 
of the Sydney Melanoma Unit included 61 recurrences 
and 41 deaths in 846 patients with Stage I melanomas 
less than 0.76 mm thick.'’ It is our belief that a subset of 
the thin melanomas are, indeed, lethal. 

Local recurrences occurred in 25 cases, but there was 
no evidence that wide margins greater than 1 cm were 
any more likely to effect local control than narrow mar- 
gins of a centimeter or less. Several thin melanomas 
recurred locally despite wide margins, and the time to 
local recurrence did not depend on the margin of exci- 
sion. Furthermore, the vast majority of first metastases 
(78%) were to nodal or distant sites, suggesting that fac- 
tors other than the adequacy of local control are the 
principal determinants of risk from a thin melanoma. 
At present, it appears that margins of 1-2 cm, which in 
most cases permit primary closure, are adequate for sur- 
gical management of thin melanomas. 
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Fic. 8. The prognostic model is applied to patients with thin mela- 
nomas who were referred with metastatic disease (n = 98). Actuarial 
DFIs are plotted for high-intermediate-, and low-risk patients. The 
low-risk patients have prolonged disease-free survival compared to the 
intermediate-risk {p = 0.035) and the high-risk {p = 0.056) patients. 
High- and intermediate-risk patients cannot be differentiated in terms 
of time to metastasis. 


Both the sex of the patient and the site of the primary 
lesion were found to be significant variables in the me- 
tastasis of thin melanomas. A limited multivariate anal- 
ysis failed to show independence of these variables, but 
the presence of both risk factors was associated with 
greater risk than the presence of either one of these risk 
factors alone. Similarly, previous work has demon- 
strated that site, as well as patient sex, has had prognos- 
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FIG. 9, The prognostic model is applied to the entire population of 
patients with thin melanomas (n = 681). Actuarial DFIs are plotted for 
the patient subsets identified in the model as high-, intermediate-, and 
low-risk patients. The DFIs of high-risk patients are significantly 
shorter than those of patients at intermediate risk (p = 0.0245) or low 
risk {p < 0.0001). 
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tic significance.” The negative prognostic value of an 
axial primary has been identified by the Sydney group, 
as well, and although they report a higher frequency of 
recurrence in men than in women, they do not address 
the significance of that difference.!” 

Mitotic index has been associated with prognosis in 
previous reports,'””° but no effect could be demon- 
strated in the present review. That may be explained 
partly by our method of recording mitotic index in a 
qualitative, rather than a quantitative, manner. Cer- 
tainly, it is biologically consistent that a lesion with high 
mitotic activity may be associated with an aggressive 
clinical course. 

Older patients were more likely to develop metastatic 
lesions than younger patients, but a significant increase 
in local metastases explained the differences. Nodal and 
distant metastases were no more prevalent in older pa- 
tients than in younger patients. 

A common finding in the primary tumors is that 
many showed signs of severe regression, which implies 
that at one time that they were thicker lesions. Previous 
reports have been conflicting. Some have found no sig- 
nificant association between regression and recur- 
rence’?! nor between regression and survival.?° Others 
have noted an association of regression with recurrent 
thin lesions, ”!%? 

Grading of regression, however, reveals a subset of 
patients: those with severe regression, who have a much 
higher risk of recurrence. Presumably, the regressed le- 
sion was thicker some time before its excision and had 
the metastatic potential of a thicker lesion. This is sup- 
ported by the finding that patients with regressed thin 
lesions have a prognosis equivalent to that of a nonre- 
gressed thicker lesion (Fig. 5). 

The differences in previous reports regarding the role 
of regression in evaluating thin melanomas for risk of 
metastasis may be related to differences in definitions of 
regression. Our grading system does identify a subset at 
risk. This is in accordance with previous work,”* which 
found, in lesions less than 1 mm thick, that 10-year 
survival was adversely affected by regression with fi- 
brotic scar, but not by active regression without fibrotic 
scar. That work found that the thicker and wider the 
scar, the poorer the survival. 

Because of its association with greater mortality 
among patients referred with metastatic disease, a 
Clark’s Level of IV is considered a risk factor. Other 
investigators have also found that Level IV lesions have 
a poorer prognosis, when considering lesions ranging in 
thickness from 0.6 to 1.1 mm.” 

Our finding that, in terms of metastasis, Level II le- 
sions had a poorer prognosis than Level III lesions is in 
conflict with the experience of others.’ It is likely that 
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the finding represents artifact relating to treatment and 
referral patterns, which uniquely affect the differentia- 
tion between Level II and Level III lesions. A reasonable 
explanation relates to the fact that most of the patients 
with Level IH thin melanomas were treated with adju- 
vant specific active immunotherapy (ASAI), whereas 
the large majority of those with Level II lesions were not. 
A possible therapeutic advantage of specific active im- 
munotherapy as an adjuvant therapy in this setting is 

suggested. | 

Male patients and patients with axial primary mela- 
nomas are at significantly greater risk of recurrence than 
women with extremity primaries. The relative patient 
risk may be determined by the proposed model. Women 
with extremity primaries less than 0.76 mm thick (low- 
risk) may expect a 2-3% risk of recurrence over the 
ensuing 5 years. Males with axial primaries, and others 
in the high-risk group because of histologic factors, may 
expect a 10-20% risk of metastasis at 5 years. 

These groups must be considered separately when 
formulating plans for surgical treatment and adjuvant 
therapies. A woman with an extremity primary can be 
reassured by her favorable prognosis. On the other hand, 
the presence of severe regression or a Clark’s Level of IV 
in a thin melanoma arising in a man or on an axial site 
may indicate that a more aggressive therapy 1s needed 
than has traditionally been used in the management of 
thin melanomas. The same recommendation applies to 
any axial thin melanoma in a male patient. The appro- 
priate adjuvant therapy may include elective lymph 


‘node dissection, as suggested by others,'? or may include 


adjuvant specific active immunotherapy. 
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Failure of antibiotic prophylaxis to prevent infectious compli- 
cations following colorectal operations is reported to occur in 5 
to 10% of all cases. Factors such as. the length of surgery and 
inadequate antibacterial coverage or duration predispose pa- 
tients to higher rates of infectious complications. The pharma- 
cokinetics of cefoxitin in eight patients undergoing colectomy, 
mucosal proctectomy, and endorectal ileal pouch-anal anasto- 
mosis (IPAA) for chronic ulcerative colitis or familial poly- 
posis coli were examined. Peak plasma concentrations were 
40% higher than values reported in healthy volunteers. During 
the first dose, the plasma half-life of cefoxitin was similar to 
- plasma half-lives reported in healthy volunteers; however, 
total body clearance was reduced five- to eightfold. These data 
suggest that the volume of distribution of cefoxitin was also 
markedly reduced. Fluid replacement during the operation 
produced lower cefoxitin peak plasma concentrations after the 
« second dose. Cefoxitin clearance increased during the second 
dose after fluid replacement, but remained below that reported 
in healthy volunteers. These data suggest that fluid depletion 
_ resulting in decreased kidney perfusion contributed to a reduc- 
tion in drug clearance. The amount of cefoxitin recovered in the 
urine during the 12-hour study period averaged 53%. Tissue 
concentrations of cefoxitin in proximal colon, distal colon, rec- 


‘tal mucosa, and rectal muscle tissue ranged from 0.2 to 9.3- 


mcg/g of tissue. The preoperative fluid status of the patient, 
the time of drug administration, and the amount of extra-renal 
drug elimination appear to be important factors, affecting the 
disposition of parenterally administered prophylactic antibi- 
otics in patients undergoing colorectal operations. 


patients undergoing colorectal operations is un- 
known. The use of oral or parenteral antibiotics 


T HE IDEAL REGIMEN ofantibiotiċ prophylaxis for ` 


in conjunction with mechanical bowel decontamination. 


have significantly reduced the infectious complication 
rate of colorectal surgery from over 30% to. approxi- 
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mately 10%.!? However, the combination of parenteral 
and oral antibiotics in addition to mechanical bowel 
decontamination has not further decreased the infec- 
tious complication rate. It is unknown whether there is a 
need for. parenteral antibiotics in addition to an effective 
bowel decontamination program including oral antibi- 


otics, and its usage remains to be established. 


When used with vigorous mechanical bowel decon- 
tamination, cefoxitin is an effective prophylactic agent 
with or without concomitant oral prophylactic antibi- 
otics for patients undergoing colorectal operations.** 
The use of cefoxitin as a sole prophylactic antibiotic 
along with mechanical bowel decontamination is re- 


ported to be less effective than oral antibiotics and me- 


chanical bowel decontamination in colorectal opera- ` 
tions exceeding 4 hours in duration.* The short elimina- 
tion half-life of cefoxitin (T, of 0.8-1.0 h) and the 
variable timing of the intraoperative dose are two factors 
reported to have contributed to higher infectious com- 
plications. Many colorectal operations exceed 4 hours in 
duration. In particular, the average length of a colec- 
tomy, mucosal proctectomy, and endorectal ileal 
pouch-anal anastomosis (IPAA) procedure is reported 


‘to exceed 6 hours in duration with an infectious compli- 


cation rate ranging from 10 to 21%.>* Recently, a large 
single-surgeon series of patients undergoing IPAA for 


ulcerative colitis or familial polyposis has been re- 


ported.” Bowel decontamination and oral antibiotics 
were used before surgery in all patients, beginning 48 
hours and 24 hours before surgery, respectively. In ad- 
dition, three doses of parenteral cefoxitin were adminis- 
tered, beginning approximately 1 hour before surgery. 


. No wound or abdominal infections occurred in patients 
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given this prophylactic regimen.’ Therefore, the objec- 
tive of the present investigation was to examine the 
pharmacokinetic disposition of cefoxitin in patients un- 
dergoing IPAA and to identify the patient and/or clini- 
cal factors that affect drug disposition in patients under- 
going colorectal surgery. 


Methods 
Patient Population 


Eight patients with either chronic ulcerative colitis or 
familial polyposis coli were recruited for participation in 
this study. All patients were scheduled to undergo IPAA. 
The study protocol was approved by the University of 
Utah Institutional Review Board for Research in 
Human Subjects, and all patients gave written consent. 


Protocol-Bowel Preparation 


All patients received standard bowel preparation that 
included mechanical bowel decontamination and oral 
antibiotics (neomycin and erythromycin base), begin- 
ning 48 and 24 hours before surgery, respectively. 


Drug Administration 


After bowel preparation, all patients received three 
intravenous doses of 2 g of cefoxitin as pre-, intra-, and 
postoperative doses. The preoperative cefoxitin dose 
was administered ‘‘on call” to the operating room be- 
tween 6:30 and 7:05 a.m., approximately one hour be- 
fore scheduled incision, on the morning of surgery. The 
intraoperative dose was administered approximately 6 
hours later. The postoperative dose of cefoxitin was ad- 
ministered 6 hours after the intraoperative dose. All 
doses were administered over a period of 30 minutes by 
a Bard® infusion pump (Travenol Labs. Inc., Deerfield, 
MI). Cefoxitin was excluded from the peritoneal irriga- 
tion fluid. 


Sample Collection 


Blood, urine, and tissue samples were collected after 


the administration of the preoperative and intraopera- 
tive doses of cefoxitin. In addition, a sample of perito- 
neal fluid was taken shortly after the abdomen was en- 
tered. Blood samples (5 mL) were collected 0.58, 1.0, 
1.7, 2.0, 2.4, 3.1, 3.8, 4.6, and 5.5 hours after the preop- 
erative dose and 0.58, 1.0, 1.7, 3.0, and 6.0 hours after 
the second dose. Blood was collected in heparinized 
glass tubes, well-mixed and centrifuged. Plasma was sep- 
arated and frozen at —20 C until analyzed. Urine was 
collected during each 6-hour period, its volume mea- 
sured and an aliquot frozen at —20 C until analyzed. 
Tissue samples were quickly frozen and stored in liquid 
“nitrogen until prepared for analysis. 
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Tissue and Sample Analysis 


Cefoxitin concentrations in blood, urine, and tissue 
samples were determined using a high-pressure liquid 
chromatographic (HPLC) assay developed in our labo- 
ratory. A Waters® 501 solvent delivery system, 441 
fixed-wavelength detector, and U6K manual injector 


` (Millipore, Milford, MA) were used in the assay. An 


Alltech® Cz 10 micron reverse-phase analytical column 
(Applied Science Labs, Deerfield, IL) was employed for | 
the separation of cefoxitin and the internal standard. 
The detection wavelength was 254 nm. The assay mo- 
bile phase consisted of an 18/0.2/81.8 mixture of aceto- 
nitrile, phosphoric acid, and water. The solvent flow rate 
was 1.2 mL/min. Cefazolin was used as an internal 
standard. The lower limit of the assay detection in blood 
and urine was 0.5 mcg/mL with an inter- and intra- 
assay variability of less than 5%. Samples were depro- 
teinated by the addition of acetonitrile (3:1) containing 
the internal standard. The sample was vortexed, centri- 
fuged, and the supernatant injected directly onto the 
column. 

The tissue samples were thawed, washed free of blood, 
and blotted dry. The samples were weighed and divided 
into multiple samples weighing 300-400 mg. Phosphate 
buffer (pH 7.4) was added at 3-4 times the sample 
weight. The sample was homogenized using a Tekmar® 
SD-45 tissue homogenizer (Tekmar Company, Cincin- 
nati, OH) on ice for two 15-second periods. The sample 
was centrifuged (3000 rpm) at 4 C for 40 minutes. The 
supernatant was frozen at —20 C until analyzed. The 
supernatant was analyzed for cefoxitin by the above 
HPLC assay. Tissue concentrations were corrected for 
blood content of cefoxitin.'? The mean coefficient of 
variation of cefoxitin concentrations in tissue samples 
was 10%. Drug recovery from tissue homogenates 15 re- 
ported to be complete. !! 


Pharmacokinetic Parameters 


The elimination rate constant (Ką) was determined 
from the slope of the regression line fitting the log con- 
centration versus time data. Plasma half-life (T,,) was 
determined as the quotient of 0.693/K.,. Total body 
clearance (CL) was calculated as the quotient of the ad- 
ministered dose, and total area under the concentra- 
tion-time curve (AUC). AUC from the last concentra- 
tion versus time point to infinity was estimated by di- 
viding the concentration at the last time point by Ka. 


Results 


Eight patients were recruited to participate in the 
study (three men; five women). Six patients were under- 
going IPAA for chronic ulcerative colitis and two for 
familial polyposis coli. Patients with chronic ulcerative 
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FIG. 1. Cefoxitin plasma and tissue concentrations after 2g pre- and 
intraoperative doses. @ = Plasma, A = proximal and distal colon, W 
= rectal mucosa, O = rectal muscle, (Patient 3). 


colitis had been managed medically for an average of 10 
years, with a range of 2-20 years before IPAA. The 
mean age, preoperative weight, and serum creatinine of 
the patients were 30 years (range 18-50 yrs), 64 Kg 
(range 45-84 Kg), and 1.0 mg/dL (range 0.7-1.3 
mg/dL), respectively. 

The preoperative dose of cefoxitin was administered 
112 + 14.2 min (mean + SEM) before the skin incision, 
a time period somewhat beyond that expected, approxi- 
mately one half to one hour before the initial decision. 
Representative plasma concentration versus time curves 
for the first and second dose of cefoxitin, as well as 
individual tissue concentrations, are shown in Figure 1. 
Plasma concentrations of cefoxitin decline biexponen- 
tially. Plasma concentrations at various points. during 
the time of first and second cefoxitin doses, along with 
peritoneal fluid concentrations, are presented in Table 
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1. Peak plasma concentrations 35 minutes after the first 
2 g dose of cefoxitin ranged from 122 to 150 mcg/mL 
and remained above 1.0 mcg/mL throughout the 6-hour 
dosing interval. Peak plasma concentrations are re- 
ported only for four of the patients because of difficulties 
in obtaining blood samples in the other four patients. 
Plasma concentrations at the time of skin incision are 
approximately 15% of the peak plasma concentrations, 
but are sufficient to inhibit most potential bacterial 
pathogens. -Peritoneal fluid cefoxitin concentrations 
averaged 32.6 + 3.6 mcg/mL and exceeded concomitant 
plasma concentrations in all but one of the patients. 
Two patients did not have sufficient peritoneal fluid for 
sampling. Peak plasma concentrations 35 minutes after 
the second 2 g dose of cefoxitin are substantially lower 
than the concentrations found after the first dose, with 
the exception of Patients 4 and 5, who continued to have 
elevated plasma.concentrations. Trough cefoxitin con- 
centrations 6 hours after the second dose are compara- 
ble to those found during the first dose in one-half of the 
patients and were greater (30-50%) in the other four 
patients. 

Cefoxitin pharmacokinetic parameters in patients 
undergoing IPAA are presented in Table 2. The mean 
plasma T; during the first dose is 0.96 + 0.03 hours, and 
increased only slightly to 1.13 + 0.09 h at the time of the 
second dose. During the first dose, CL could be calcu- 
lated in only four of the patients, and ranged from 33 to 
54 mL/min. CL increased during the second dose and 
ranged from 58 to 182 mL/min. In those patients in 
which CL could be calculated for both doses, CL in- 


_ creased twofold during the second dose. 


The total amount of cefoxitin excreted in the urine 
during each 6-hour dosing interval of the study 1s shown 
in Table 3. Five of the eight patients excreted less than 
50% of the first dose of cefoxitin in the urine during the 


TABLE 1. Cefoxitin Plasma and Peritoneal Fluid Concentrations* During IPAA 


First Dose 

Patient CPeak Incision = PF 

1 = 33.0} 36.8 

2 = 10.9 33.6 

3 121.8 25.0 2 

4 oe 22.0} 45.1 

5 149.8 19.0 = 

6 = 38.4 26.7 

7 130.0 19.2 19.6 

8 142.6 16.3 33.9 

Mean + SEMI 23.0 + 3.2 32.6 + 3.6 
* mcg/mL. ; 


t Concentration estimated from Ka. 
ł Standard error of the mean, 


Second Dose 


CTR C6h Peak c6 h 
1.0 0.8 -56.6 0.7 
12+ Loo 83.7 1.0 
1.74 1.0 73.8 1.4 
1.9 1.0 157.1 2.0 
1.2 0.9 149.5 1.0 
2.1 1.6 74.6 2.3 
1.2 1.0 = 0.7 
1.0 0.6 86.8 0.8 
1.4 + 0.2 1.0+0.1 1.2402 


97.4 + 14.9 


Cincision: concentration upon surgical opening of the abdomen. 
CPF: concentration in peritoneal fluid. 
“TR: trough concentration at 5.4 + 0.1 hours. 
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TABLE 2. Cefoxitin Pharmacokinetic Parameters* During IPAA 
First Dose Second Dose 
Ka Tiz CL Ka Tiz CL , 
Patient (h~!) (h) (mL/min) (h~!) (h) (mL/min: 
l 0.014 0.83 — 0.013 0.89 181.7 
0.011 1.05 — 0.012 0.96 145.9 
3 0.012 0.96 54.0 0.008 1.44 124.3 
4 0.013 0.89 — 0.011 1.05 58.3 
5 0.012 0.96 34.7 0.010 1.16 72.5 
6 0.011 1.05 — 0.008 1.44 106.3 
7 0.012 0.96 33.4 = a on 
8 0.012 0.96 40.9 0.012 0.96 84.5 
Mean + SEM 0.012 + 0.001 0.96 + 0.03 0.011 + 0.001 1.13 + 0.09 110.5 + 16.4 
* Ka: elimination rate constant. - Tiz: plasma half-life. 
+ Standard error of the mean. CL: total body clearance. 
6-hour interval. Urinary recovery increased slightly in Discussion 


three patients and decreased in two patients during the 
second 6-hour dosing interval. During the 12-hour study 
period, slightly more than one-half of the 4 g cefoxitin 
dose was recovered in the urine. 

The concentration of cefoxitin (mg/g of tissue) in the 
proximal colon, distal colon, rectal mucosa, and rectal 
muscle are presented in Table 4. In addition, the cefoxi- 
tin tissue/plasma ratio for each tissue sample is shown in 
Figure 2. All tissue samples showed measurable cefoxi- 
tin concentrations. The tissue concentrations of cefoxi- 


tin are similar in three of the four types of tissue sampled . 


and ranged between 0.2 to 9.3 mcg/g of tissue. Cefoxitin 
tissue/plasma ratios determined for the rectal mucosal 
tissue were considerably higher than the tissue/plasma 
ratios found for the other tissues. Because the rectal mu- 
cosa was largely damaged at the time of surgical re- 
moval, these higher tissue/plasma ratios should not be 
considered as representing a difference in the tissue dis- 
tribution of cefoxitin. 


The basic concept underlying the effective use of pro- 
phylactic antibiotics to prevent infectious complications 
in surgical patients is that an adequate amount of an 
appropriate antibiotic must be present in the tissue be- 
fore or during a bacterial challenge.'? Patients undergo- 
ing IPAA have three critical time periods during the 
operative period, in which gastrointestinal spillage could 
result in peritoneal contamination. These include 1) di- 
vision and resection of the colon (15-60 min), 2) the 
anterior rectal mucosal dissection and removal of the 
abdominal rectum (60-180 min), and 3) the perineal 
dissection of the. rectal mucosa (240-320 min). Division 
and removal of the colon occurs soon after the abdomen 
is entered. Therefore, the timing of the first antibictic 
dose is an important factor in determining whether the 
plasma and peritoneal fluid concentrations of cefoxitin 
are adequate during this portion of the procedure. Dur- 
ing this period, contamination is usually minimal. Most 
contamination occurs during the anterior rectal muco- 


- TABLE 3. Cefoxitin Urinary Recovery During IPAA 


First Dose 

Dose AS Recovery 

Patient (g) (mg) (%) 

I 2.0 1547.2 77.4 

2 2.0 1309.5 65.5 

3 2.0 806.2 40.3 

4 2.0 1007.2 50.4 

5 2.0 814.4 40.7 

6 2.5 1090.1 34.5 

7 2.0 982.7 49.1 

8 2.0 —T a= 

Mean + SEM} 511 5.8 


* A.: Amount of cefoxitin recovered in the urine. 
+ Incomplete collections. 


Second Dose 


Total 
Dose A. Recovery Recovery 
(g) (mg) (%) (%) 

s 2.0 t _ pem 
2.0 844.2 42.2 53.8 
2.0 583.2 29.2 34.7 
2.0 2193.4 109.7 80.0 
2.0 1140.1 57.0 48.9 
2.0 1051.6 52.6 48.1 
2.0 —t ee maene 
2.0 —tT oo a 

58.1 + 13.7 53.1 + 7.4 


ł Standard error of the mean. 
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TABLE 4. Cefoxitin Tissue Concentration* During IPAA 


- Proximal 


Distal Rectal Rectal 
Patient Colon Colon Mucosa Muscle 
l 2.2 (13.7) 1.1 (7.3) 2.3 (79.3) © 0.2 (4.0) 
2 2.5 (30.1) 2.0 (29.4) 1.7 (94.4) 1.1 (34.4) 
3 5.6 (33.1) 4,9 (34.0) 3.9 (125.8) 2.1 (58.3) 
4 6.3 (31.2) 3.8 (19.8) 4.7 (58.8) 1.4 (23.0) 
S5 1.9 (13.4) 2.6 (26.9) 2.6 (28.0) 1.1 (34.4) 
6 8.3 (46.9) 9.3 (67.4) 6.4 (82.1) 3.9 (73.6) 
7 3.0 (35.7) 2.3 (39.7) 1.7 (43.4) 0.5 (17.2) 
8 3.4 (40.5) 2.5 (20.3) 3.5 (116.7) 1.2 (70.6) 
Mean 


+ SEMt (30.6 + 4.2) (30.6 + 6.3) (78.6 + 12.1) (39.4 + 9.0) 


* mcg/g of tissue (tissue/plasma ratio — %). 
f Standard error of the mean. 


sal dissection. In this study, peritoneal contamination 
occurred in five of the eight patients during this phase. 
However, no wound or abdominal infections resulted 
from the contamination. In addition, a relatively large 
amount of blood loss occurred during this portion of the 
operative procedure, contributing to the loss of cefoxitin 
from the body. The amount of blood loss in each patient 
depended on his or her specific anatomy and the diffi- 
culty of the tissue dissection. Lastly, the perineal muco- 


100 
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CEFOXITIN TISSUE/PLASMA RATIO (%) 
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Fic. 2. Cefoxitin tissue/plasma ratios during IPAA for proximal colon 

(Colon 1), lower colon (Colon 2), rectal mucosa (mucosa) and rectal 

muscle (muscle). (Mean + SEM) Tissue/plasma ratios were deter- 

mined as the quotient of the measured tissue and concomitant plasma 
concentrations. 
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sal dissection occurred late in the first cefoxitin dosing 
interval, when the cefoxitin plasma concentration was 
low. Measurable blood loss also occurred during this 
portion of the surgical procedure, and may have contrib- 
uted to the loss of cefoxitin. 

This study shows that patients anderoine IPAA have 
measurable cefoxitin plasma concentrations during 
both 6-hour dosing intervals. It is not yet clear whether a 
specific plasma concentration is required to prevent in- 
fectious complications resulting from major colorectal 
operations, such as IPAA. Lower plasma concentrations 
of cefoxitin may be adequate when oral prophylactic 


‘antibiotics are used concomitantly to reduce the num- 


ber of intestinal bacteria to a sufficiently low level. 
Kaiser et al. reported higher infectious complication 
rates in patients with operation times exceeding 4 
hours.* In this study, oral antibiotics were not included 
in the preoperative bowel preparation of the patients in 
the cefoxitin-treated group. Therefore, when oral antibi- 
otics are not used, a cefoxitin plasma concentration ex- 
ceeding a critical level for a sufficient duration may be 
needed to prevent infectious complications. 

The disposition of cefoxitin in patients undergoing 
IPAA differ markedly from those reported in healthy 
volunteers and other surgical patient populations. !?!4 
CL was decreased five- to eightfold during the first dose, 
and two- to fivefold during the second dose. Addition- 
ally, the fraction of the dose recovered in the urine was 


reduced during each 6-hour interval. Previous pharma- 


cokinetic studies have demonstrated that greater than 
90% of intravenously administered cefoxitin is elimi- 
nated unchanged in the urine, with 78% of a 2 g dose 
recovered within 6 hours and 80-100% recovered within 
12 hours.'? Plasma volume contraction resulting from 
the preoperative mechanical bowel preparation may 
have resulted in reduced renal perfusion, causing a de- 
crease in cefoxitin renal excretion. 

Cefoxitin is distributed primarily in plasma and ex- ` 
tracellular fluid water.'*!> Significant decreases in these 
fluid volumes could alter tissue perfusion, which may 
change tissue host defenses and delivery of cefoxitin to 
tissue sites. Changes in these two factors may modify the 
usual pharmacodynamic effect of the prophylactic anti- 
biotic. Fluid replacement during the operative period 
resulted in an increase in the volume of distribution of 
cefoxitin as is reflected in lower peak plasma concentra- 
tions and slight prolongation of plasma half-life, despite 
small increases in CL. The clinical significance of these 
effects in our patients is unknown. In other patient pop- 
ulations, changes in these parameters may contribute to 
altered tissue disposition of antibiotics, resulting in 
higher rates of infectious complications. 

It is unclear whether the fluid contracted state in our 
patients affected the amount of cefoxitin distributed to 
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the sampled tissues. Low tissue concentrations of cefox- 
itin in relation to plasma concentrations were found in 
our patients. The lower tissue concentrations may have 
occurred because of the method used to process the tis- 
sue samples, resulting in a dilution of the extracellular 


cefoxitin concentrations with intracellular fluid con- - 


taining little antibiotic during tissue homogenation. Al- 
though underestimation of the cefoxitin concentrations 
in tissue by this method has been previously reported 
and makes the interpretation of our results in the face of 
an altered fluid balance difficult, this method remains 
the most widely used and generally accepted.'® Cefoxitin 
tissue concentrations may remain largely unchanged, 
despite a reduction in the amount of cefoxitin delivered 
to the tissue because of a similar reduction in the vol- 
ume of extracellular fluid. Tissue/plasma ratios have 
been used to assess the amount of drug reaching the 
tissue site in relation to the concentration in plasma. 
The use of these values are dependent upon the as- 
sumption that the intercompartmental transfer of anti- 
biotic into and out of the tissue compartment is the 
same. If this is not the case, an over- or underestimation 
of tissue drug disposition may result. It is unclear 
whether the altered fluid staus seen in these patients 
influences the cefoxitin tissue/plasma ratios. Therefore, 
caution should be exercised in the interpretation and use 
of the tissue/plasma ratios reported in this study. 
Several factors may have contributed to the altered 
disposition of cefoxitin in patients undergoing IPAA. 
These include the preoperative fluid status of the pa- 
tient, the amount of extra-renal elimination and the 
timing of cefoxitin administration. A fluid contracted 
state may alter tissue perfusion and impair the delivery 
of cefoxitin to: tissue sites. It is unclear whether the 
fluid-contracted state or the smaller volume of distribu- 
tion of cefoxitin in these patients alter the tissue phar- 
macodynamic effects of cefoxitin. If tissue perfusion is 
not markedly altered, the intercompartmental exchange 
of cefoxitin from plasma to tissue extracellular fluid may 
be largely unchanged. It is likely that the smaller volume 
of distribution of cefoxitin may reduce the amount of 
cefoxitin in tissue, but not alter the concentration: be- 
cause of the concomitant reduction of extravascular 
fluid volume. | 
The amount of blood loss during the operative proce- 
‘dure may contribute to drug elimination. Quantifiable 
and sometimes substantial blood loss occurs in patients 
undergoing IPAA with a mean intraoperative blood loss 
of 666 + 49 mL per case.’ The influence of blood loss on 
the disposition of cefoxitin depends upon the amount 
_ and timing of the blood loss during the dosing interval. 
Blood loss occurring shortly after drug administration 
may result in the removal of substantial amounts of the 
antibiotic from the body. However, blood loss occurring 
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at the trough of a dosing interval will result in smaller 
amounts of drug loss. During the 12 hours of our study, 


‘approximately 50% of the administered 4 g dose of ce- 


foxitin was not accounted for in the urine. Critical pe- 
riods of blood loss in our patients occurred during the 
latter portion of the anterior rectal mucosal dissection 
and during the perineal rectal mucosal dissection. The 
amount of cefoxitin lost by this route was not quanti- 
fied, but elimination by this route 1s a likely cause of the 
low urinary recovery. An average plasma concentration 
and amount of blood loss (4.0 mcg/mL and 500 mL, 
respectively) would be required to account for the miss- 
ing amount of cefoxitin in these patients. 

The use of large volumes of fluid to irrigate the perito- 
neal cavity may have also contributed to the removal of 
cefoxitin from the body. The surface area of the perito- 
neal membrane is large and readily permeable to fluid, 
electrolytes, and most drugs. Instillation of fluid into the 
abdomen is frequently used to irrigate and flush the 
peritoneal cavity prior to skin closure and when gastro- 
intestinal spillage occurs. When the irrigation fluid is 
removed from the peritoneal cavity, the antibiotic | 
present in the peritoneal fluid will also be eliminated. 
The amount of drug removed will be dependent upon 
the amount of peritoneal fluid present in the abdomen 
prior to the instillation of the peritoneal irrigation fluid 
and the concentration of antibiotic in the fluid. The 
amount of drug removal by this route was not quanti- 
fied. 

The practice of administering preoperative prophy- 
lactic antibiotics “on call” has been recently re- 
viewed.'*!7 In our study, the mean time between the 
administration of cefoxitin and the time of surgical inci- 
sion was 112 min. When prophylactic antibiotics have 
short elimination half-lives, such as cefoxitin, most of 
the antibiotic in plasma is eliminated before the time of 
surgical skin incision. Antibiotics administered 30 min- 
utes before surgical incision, at the time of induction of 
anaesthesia, will result in higher concentrations 
throughout most of the duration of the operation.'*!” 

In summary, the disposition of cefoxitin 1s markedly 
altered in patients undergoing IPAA. Factors such as 
fluid balance, blood loss at surgery, use of large volumes 
of irrigation fluid, and the timing of antibiotic adminis- 
tration contribute to altered drug disposition. The opti- 
mal use and timing of prophylactic antibiotics may fur- 
ther reduce the infectious morbidity associated with co- 
lorectal operations. 
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Proximal Gastric Vagotomy 


The Preferred Operation for Perforations in Acute Duodenal Ulcer 
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P. J. FOK, F.R.C.S., S. CHOI, F.R.C.S.(ED), A. POON, F.R.C.S.(ED) F.R.A.C.S., 


Simple closure, the conventional operation for perforated acute 
duodenal ulcers, is associated with symptomatic relapse in a 
large proportion of patients. In order to assess the role of 
immediate definitive surgery, 78 fit patients with perforated 
acute ulcers were prospectively randomized to undergo either 
closure alone or proximal gastric vagotomy with closure 
(PGV). Patients taking potentially ulcerogenic drugs or who 
had severe stress were excluded from the study. Both groups 
were comparable with respect to age, sex, general medical 
health, duration of perforation, length of ulcer history, and 
. presence of duodenal scarring. There was no hospital mortal- 
ity. Minor complications occurred in 7.3% after closure and 
10.8% after PGV. At 3 years follow-up, the cumulative recur- 
rence rates were 36.6% and 10.6% after closure and PGY, 
respectively (p = 0.001). Eighty-five per cent of recurrences 
after closure were symptomatic, and half of them required re- 
operation. Duodenal scarring itself did not appear to influence 
the outcome after closure. PGV was not associated with 
dumping, diarrhea or other unwanted side effects. Although 
less than that in chronic ulcers, there is a substantial risk of 
symptomatic relapse after closure of perforated acute duodenal 
ulcers. With judicious patient selection, PGV effectively re- 
duces this risk without incurring disabling side effects asso- 
ciated with other ulcer operations. 


TTENTION IN PERFORATED duodenal ulcers has 
been focused primarily on the management of 
chronic lesions. By contrast, much less is 


known about acute duodenal ulcers that perforate. 


These have been defined as lesions in which there is an 
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ulcer history of less than 3 months before perfora- 
tion.'-'4 In a previous prospective study,® acute ulcers 
were found in 28.3% of 212 consecutive patients with 
perforated duodenal ulcers. Because most surgeons con- 
sider such ulcers self-limiting conditions, unlike chronic 
duodenal ulcers that perforate, omental closure is still 
the most widely performed operation. 

Somewhat unexpectedly, the outcome of acute ulcers 
is not as uneventful as is generally assumed. Our earlier 
study documented a significantly higher relapse rate 2 
years after closure of perforated chronic, as opposed to 
that of acute duodenal ulcers. However, continued fol- 
low-up of these patients revealed that 39% of patients 
with acute lesions relapsed within 5 years of closure (Fig. 
1). These disappointing results with closure of acute 
ulcers that perforate prompted us to re-evaluate the 
basis for its continued application by conducting a pro- 
spective, randomized trial. The objectives of the present 
study were to determine the prevalence of acute ulcers in 
our patient population, and to ascertain the role of 
proximal gastric vagotomy with an omental patch as an 
alternative to omental closure alone. 


Patients and Methods 


Between January 1982 and June 1986, 415 consecu- 
tive patients with perforated duodenal ulcers underwent 
emergency operation. Based on a preoperative ulcer his- 
tory of less than 3 months, 156 patients (37.6%) were 
classified as having acute ulcers, and the remaining 259 
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Years after Closure 


Fic, 1. Extended follow-up results of an earlier trial, comparing clo- 
sure alone in patients with perforated chronic and acute duodenal 
ulcers. The early differences between the two groups begin to diminish 
on longer evaluation. , 


as having chronic lesions. Seventy-four patients with 
acute ulcers were excluded from the trial for one or more 
of the following reasons: perforation exceeding 24 
hours’ duration (29 patients); being over 70 years of age 
(34 patients); concomitant serious medical illness (as 
previously defined!°) (28 patients); shock at presentation 
(12 patients); and recent intake of nonsteroidal anti-in- 
flammatory drugs, aspirin, steroids, Chinese herbs, or 
other potentially ulcerogenic drugs (nine patients). Four 
additional patients were inadvertently not randomized 
and excluded from the trial. l 

Before surgery, the remaining 78 patients were ran- 
domized by the numbered, sealed-envelope method, to 
undergo either omental closure alone (41 patients) or 


TABLE 1. Clinical Profile of the 78 Study Patients 


Operation 
Closure Alone PGV and Closure 
(n = 41) (n = 37) 
Men, % of patients -97.6 91.9 
Age, mean + SD years 48.0 + 14.6 46.8 + 14.6 


Previous ulcer symptoms, 
median months 0.05 0.03 
Positive family history, 


% of patients 12.2% 24.3% 
Duration of perforation, 

median hours 9.3 10.3 
Duodenal scarring present, : 

% of patients 31.7 35.1 
Followup, mean months 24 26 


None of the differences are statistically significant. 
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proximal gastric vagotomy with closure (PGV) (37 pa 
tients). These 74 men and four women had a mean ag 
of 48.0 + 1.7 years. The median duration of perforatio 
was-9.6 hours. Seventy-one patients denied having hac 
any prior ulcer symptom whatsoever, and only one pa 
tient had had pain for 2 months before admission. Ni 
significant difference was noted between the two group 
in the age, sex, duration of perforation, or family histor 
of ulcer disease among first-order relatives (Table 1). 

Duodenal scarring was assessed at laparotomy, bu 
was not used to differentiate between acute and chroni 
lesions because this was subject to observer variance 
Some degree of fibrosis was noted in 31.7% and 35.1% 0 
patients undergoing closure and PGV, respectively 
None had marked scarring or pyloric stenosis. 

After operation, the patients were reviewed regulari: 
in a special follow-up clinic and assigned modified Vi 
sick scores.'° In order to ascertain the accuracy of thi 
preoperative ulcer history, one surgeon (Boey) indepen 
dently interviewed the patients 1 month after surger 
without knowing whether they had been categorized a: 


_ having an acute or chronic lesion. In 91% of patients, thi 


postoperative assessment concurred with the preopera 
tive classification. 

Endoscopy was performed in patients who had am 
symptom suggestive of ulcer disease. In addition, 33 o 
the 41 patients (80%) who were well for more than on 
year after surgery consented to elective endoscopy t 
detect asymptomatic recurrences. A diagnosis of relapse 
symptomatic or asymptomatic, was confirmed by en 
doscopy or reoperation. An ulcer crater or pyloric ob 
struction in the presence of acute inflammation was ac 
cepted as endoscopic evidence of recurrence. 

The corrected chi-square test, the Fisher’s exact test 
the unpaired Students’ ¢ test, the Mann-Whitney ranl 
sum test for nonparametric data,'’ and the generalizec 
Wilcoxon comparison of cumulative recurrence-free: 
rates determined by the Kaplan-Meier product limit ac 
tuarial method!® were used for statistical analysis. Con 
fidence intervals at the 95% level (95% CI) were esti 
mated for binomially distributed variables. Statistica 
significance was accepted at the 5% level. 


Results 


Hospital Results 


The overall hospital mortality among the 156 patient 
with acute lesions was 7.1%, but there was no death ir 
the case of any of the 78 study patients (0-4.6%, 959 
Cl). Minor complications developed in three patient 
(7.3%; 1.5-20.0%, 95% CI) after closure (one case eacli 
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of pneumonia with gastric stasis, ulcer bleeding requir- 
ing transfusion, and unexplained jaundice), and in four 
patients after PGV (10.8%; 3.0-25.4%, 95% CI) (two 
with pneumonia, one gastric stasis, and one with bleed- 
ing from an ischemic lesser curvature ulcer). 


Late Results 


The mean duration of follow-up was 25 months for 
the entire group. Twelve of the 14 patients (85.7%) who 
relapsed after closure alone were symptomatic, and six 
of them (42.9%) required reoperation. Of note, three 
patients had reperforation, four experienced bleeding, 
pyloric stenosis developed in two. Five other patients 
had ulcer pain only and two had asymptomatic relapses 
after closure. Surprisingly, patients with evidence of 
duodenal scarring did not fare worse than those without 
scarring (Fig. 2). 

By contrast, three patients (8.1%) had symptomatic 
relapses after PGV. A prepyloric ulcer noted in one of 
the three patients was treated by an antrectomy later. 
The ulcers in the other two patients healed after a course 
of cimetidine therapy. 

At 3 years’ follow-up, the cumulative recurrence-free 
rate was only 63.4% (+9.8% SEM) after closure alone, 
compared with 89.4% (+7.4% SEM) after PGV (p 
= 0.003) (Fig. 3). The superior results achieved with 
PGV were independent of the duodenal scarring noted 
at laparotomy (Figs. 4A and B). 

Of the 78 patients excluded from the trial, 67 under- 
went closure alone. At 3 years’ follow-up, their cumula- 
tive recurrence-free rate was 61.1% (+11.3% SEM), 
which was comparable to that of the control group that 
underwent closure but significantly less than that after 
PGV (p < 0.001) (Fig. 3). 

PGV was not associated with postoperative dumping, 
diarrhea, or other serious side effects. A Visick score of 1 
or 2 was achieved in 92% of patients after PGV, com- 
pared with only 66% after closure alone (p < 0.001). 


Discussion 


Acute ulcers comprise a large proportion of duodenal 
ulcers that perforate. The 38% incidence of perforated 
acute ulcers encountered in this prospective study is rep- 
resentative of the 14-65% range reported in retrospec- 
tive series!:*-7!9-!2-14.19 and attests to their growing im- 
portance and the need to reassess optimal treatment. 

Acute ulcers embrace a host of heterogenous condi- 
tions.. Drug-related acute perforations, especially com- 
mon in developed societies," °”?! have recently been 
implicated in up to 82% of perforations.” Because these 
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Perforated Acute Ulcers : Scar vs No Scar 
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Fic. 2. Cumulative recurrence-free rates after closure in patients with 
and without evidence of duodenal scarring at laparotomy. 


lesions, together with stress-related perforations, usually 
resolve after withdrawal of the initiating factors, closure 
alone remains the preferred treatment. However, many 
peptic perforations are devoid of any apparent precipi- 
tating cause or past ulcer history. Over 85% of acute 
ulcers in this study were unrelated to drugs or acute 
stress, and at least two thirds had no duodenal scarring 
that might suggest subclinical chronic disease. Lowdon? 
noted that 80% of patients with an antecedent history of 
less than 1 month had acute lesions on histologic exami- 
nation of gastrectomy specimens. The preoperative his- 
tory in distressed patients is often unreliable. Although 
only 9% of our 156 patients were apparently misclassi- 
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. Acute Ulcers With Scarring : Closure vs PGV 





© 100 
b n=13 
= 80 , Ò © 
© 
o 60 
o 
£ 
R 4ol | ePGV 
=0.04 oe ua 
4 sclosune © "e n=13 
= T 
S 20 28EM 
2 L 
E 
S o 
A 0 1 2 3 4 5 6 


Years Postop 


BOEY AND OTHERS 


Ann. Surg. * August 1988 


Acute Ulcers without Scarring : Closure vs PGV 





9 100 
5 | LS 
9 Bo i 
o n=24 
2 60 | 
2 
g () 
R 
: ar >Pp=0.04 
E o Closure” PS ? n=28 
E T 
5 28ER 
Q d 
O 1 2 3 4 5 6 


B Years Postop 


Fics. 4A and B. Cumulative recurrence-free rates after closure and proximal gastric vagotomy with closure (PGV) in patients with (A) and without 


. (B) duodenal scarring. 


fied -as having acute ulcers, others have reported that as 
many as 41% of patients were relabeled as having 
chronic lesions after postoperative assessment.” One 
third of these asymptomatic patients had some minor 
degree of duodenal scarring at the time of laparotomy. 
But there was no significant difference observed in the 
relapse rates after closure between those with and those 
without scarring. This suggests that scarring itselfis not a 
reliable predictor of recurrence after closure in patients 
with perforated acute ulcers. 

Accepting the above limitations of a clinical defini- 
tion of acute ulcers, 37% of our control group relapsed 
within 3 years of closure alone. This percentage approx- 
imates the 3-year cumulative recurrence rate of 31% 
observed after closure in the acute ulcer group of our 
previous study.® In this study, 85% of recurrences in 
acute ulcers were symptomatic, and a second operation 
was needed in half, often as an emergency for complica- 
tions. Other groups also reported high recurrence rates 
of between 14% and 80% after closure of acute 
ulcers.*!':!3:!4 In fact, continued long-term follow-up of 
patients in our earlier trial revealed that the initial supe- 
rior outcome of acute ulcers after closure gradually 
faded and approximated that of perforated chronic duo- 
denal ulcers (Fig. 1).! As pointed out by Illingworth and 
others,'* because differences in the length of follow-up 
may produce discrepancies in the outcome of perforated 
chronic and acute ulcers, proper comparisons require 
the use of actuarial life-table analysis. Though generally 
lower than the substantial relapse after closure of 
chronic ulcers,!>*!*!? that of acute lesions still denotes 
surgical therapy that is inherently suboptimal. 


Antiulcer drug therapy after closure and definitive 
surgery are the main alternatives to closure alone. Al- 
though drugs are efficacious in failures after closure, 
there is scarce evidence that they confer long-lasting 
protection after being withdrawn. If acute ulcers that 
relapse after closure resemble uncomplicated duodenal 
ulcers,” it is plausible that most of them will eventually 
recur, even after a course of maintenance H2-blocker 
drugs. Moreover, some patients develop ulcer complica- 
tions despite active drug treatment. !™6 

Definitive surgery, on the other hand, offers greater 
assurance of permanent relief. Unfortunately, one can- 
not distinguish perforations in self-limiting acute ulcers 
from those that are the inchoate form of chronic ulcer 
disease. Preoperative clinical identification of relapse- 
prone individuals has been only marginally successful, 
even for those with chronic ulcers. Consequently, some 
surgeons opt for closure initially, and recommend elec- 
tive reoperation for those who fare poorly in the early 
postoperative period.”** The inherent flaw in this ap- 
proach is that it subjects patients to the risks of another 
operation, which most patients would abhor, especially 
as it may come soon after an emergency operation. 

To overcome the shortcomings of drug therapy and 
elective reoperation for patients who relapse, we exam- 
ined the role of immediate PGV — an operation whose 
safety and value as an elective procedure for chronic 
duodenal ulcers have been firmly established. First 
espoused by Johnston?’ and others, PGV was shown 
to be safe and effective for perforations in chronic 
ulcers®?!!:!3:!430 thereby raising the possibility that it 
might be equally applicable to acute lesions that perfo- 
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rate.'>!43! This study’s finding that PGV incurred a 3- 
year cumulative recurrence rate of 10.6%, as compared 
with 36.6% in the closure alone group, confirms its eff- 
cacy in preventing relapse of acute ulcers. Definitive 
surgery is often denigrated as being unnecessary in most 
`- patients, especially those with acute ulcers. However, 
one must not ignore the fact that an operation is already 
necessary in such patients. At least in the case of patients 
who were reoperated upon after closure (14.6%), defini- 
tive surgery could hardly be deemed unjustified. Even in 
patients who did not relapse, PGV was not harmful in 
terms of deleterious postoperative gastric sequelae. 
Overall, 92% of the patients had Visick | or 2 scores 
after PGV, and none had a Visick 3 score. Similar re- 
sults of elective PGV in chronic duodenal ulcers con- 
trast with those of other ulcer operations,*?-** particu- 
larly those that include gastric resection.*°** Given the 


higher incidence of unwanted side effects after truncal 


vagotomy,°”-** PGV should be currently the only alter- 
nate procedure to closure alone for perforated acute 
ulcers. The finding of an acute lesion should not entice 
the surgeon to be complacent; the three recurrences 
among our 37 patients undergoing PGV indicate that, 
even in acute ulcers, an incomplete vagotomy is ineffec- 
tive prophylaxis against relapse. 

As reported earlier,® a significant proportion of perfo- 
rated acute ulcers occur in high-risk, elderly patients. 
Ensuring the survival of these patients must be the over- 
riding concern. Applying exclusion criteria based upon 
three proven predictive risk factors,'°°’ we found that 
only 67.9% of the 156 patients were suitable for immedi- 
ate definitive surgery. That we had no hospital death in 
either study group underscores the importance and fea- 
sibility of judicious patient selection. The relatively 
small patient sample in this study precludes definite 
conclusions regarding the safety of PGV. However, the 
0.7% (0-3.9%; 95% CI) mortality rate among our 138 
consecutive emergency PGV operations for perforated 
ulcers’? and the equally favorable results obtained by 
other groups?!!:!3:!4.27,29.3! endorse its fundamental 
safety. 

To advocate PGV for all perforated acute ulcers 
would be drastic and undesirable. Omental closure is 
indicated for perforations in poor-risk patients and for 
acute ulcers associated with drug ingestion or acute 
stress. H2-blocker drug therapy or elective surgery may 
be offered to patients who relapse after closure. Only in 
fit patients with perforated acute ulcers do we favor the 
immediate performance of PGV, provided an experi- 
enced surgical team and suitable hospital setting are 
available. One must never feel compelled to undertake 
PGV, even if the above criteria are fulfilled. However, 
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our results show that the benefits of immediate PGV for 
perforated ulcers may be safely extended to many pa- 
tients with acute as well as chronic lesions. 
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Injection Sclerotherapy 


A Prospective Randomized Controlled Trial in Patients 


with Bleeding Esophageal Varices 
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During a 3-year period (June 1981-—July 1984), 70 patients 
who presented with an endoscopically proven variceal bleed 
were randomized to receive either fiberoptic injection sclero- 
therapy (FIS, 36 patients) or a rigid scope technique (RIS, 34 
patients), using ethanolamine oleate as the sclerosing agent. 
After discharge, patients entered into a chronic injection 
sclerotherapy program. Control of the acute bleeding episode 
(FIS, 91%, RIS, $5%) and the first hospital admission mortal- 
ity (FIS, 34%, RIS, 44%) were similar. Eradication of varices 
was achieved in 16/19 and 13/16 cases in the two respective 
groups of patients who survived longer than 3 months, and only 
2 of these patients (both of whom were in the RIS group) had a 
further major variceal bleed. The overall complication rate per 
injection was significantly lower in the FIS group (p < 0.005). 
Twenty-six patients (14 FIS, 12 RIS) were alive at the end of 
the 4-year trial period. Of the total of 44 deaths, only 3 were 
not associated with a bleeding episode. Only five of the 29 
patients who had their varices eradicated died during the trial 
period (median follow-up of 16 months). FIS has become the 
preferred method of treatment at the Groote Shuur Hospital, 
particularly in the long-term management of these patients. 
The procedure is safe, does not require a general anesthetic, 
and in long-term management, most patients can be treated on 
an outpatient basis. RIS should be reserved for the difficult 
recurrent acute bleeder, where the more controlled situation 
with a rigid scope under general anesthesia may provide safer 
and more effective sclerotherapy. The study stresses the im- 
portance of achieving eradication of all varices to prevent re- 
bleeding and its attendant high mortality. 


cepted as the treatment of choice for esophageal 
varices during the acute bleeding episode! and has 
provided an effective alternative to surgery for long- 
term management.”® The rigid scope technique (RIS) 
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that was originally described by Crafoord and 
Frenckner’ and later modified by Macbeth!’ has proven 
to be highly successful in some recent studies of the 
Belfast! and CapeTown groups,” and by Paquet in Ger- 
many.'! Indeed, the results of these studies have ushered 
in a new era of enthusiasm for rigid injection sclerother- 
apy for bleeding esophageal varices. Yet despite this, the 
fiberoptic endoscopy techniques have become the most 
widely used method of sclerotherapy. This recent popu- 
larity of fiberoptic endoscopy has probably arisen from 
the fact that it is used routinely in the diagnosis of upper 


gastrointestinal (G.I) hemorrhage, is safe, and, in most 


instances, allows for the avoidance of general anesthesia. 

The present study ‘was undertaken in order to com- 
pare the rigid scope intravariceal technique under gen- 
eral anesthesia, our preferred method of sclerotherapy in 
the past,”!? with a combined intra- and paravariceal in- 
jection method via an end-viewing fiberoptic endoscope 
under light sedation. The results were compared during 
both the initial acute admission period and the subse- 
quent long-term management of the patients. 


Patients and Methods 


During a 3-year period (July 1981—July 1984), 70 
consecutive patients who were admitted to Groote 
Schuur Hospital with endoscopically proven esophageal 
variceal bleeding were randomized to receive either a 
fiberoptic injection sclerotherapy (FIS) under light seda- 
tion (diazepam, 5-10 mg) intravenously or RIS per- 
formed under general anesthesia. Informed consent was 
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TABLE 1. Patients’ Data 








FIS RIS 
No. patients 36 34 
Age (mean + SEM) 49, 28 + 2, 69 49,97 +2, 75 
range 16-77 17-75 
Sex (M:F) 28:8 22:12 
Histology 
Cirrhosis 29 28 
Alcohol 24 20 
Cryptogenic 5 8 
Portal vein thrombosis 5 4 
Chronic active hepatitis 1 l 
Unknown Í I 
Child’s Grading 
Mean* 9,23 + 0, 37 9,15+0, 42 
A 5 7 
B 12 10 
C 17. 17 
Unknown 2 = 


* Modified grading adapted from Pugh.'* 


obtained and the study was approved by the Faculty of 
Medicine Ethics Committee. The full details of the man- 
agement protocol have been published elsewhere.!? All 
patients admitted with a suspected esohageal variceal 
bleed were resuscitated with cristalloids, and fresh blood 
and an intravenous (I.V.) infusion of vasopressin (0.4 
' units/min) commenced. Urgent endoscopy was then 
performed by an experienced endoscopist as soon as the 
patient was hemodynamically stable. If active bleeding 
was demonstrated, a modified Sengstaken Blakemore™ 

tube (Busch Incorporated, New York, NY) was passed 
for balloon tamponade. All patients were initially ad- 
mitted to a high-care unit, where they received antiliver 
failure treatment and, if necessary, were intubated and 
ventilated. Urgent sclerotherapy was performed within 
6-24 hours, depending on the individual patient’s gen- 
eral condition. Using our modification of the Pugh 
Child’s grading system,'* patients were catagorized in 
risk groups. 


TABLE 2. Outcome in Terms of Mortality During the 
4-Year Trial Period 


Fiberoptic Rigid 
Endoscopy Endoscopy 
Patients randomized 36 34 
Deaths at first admission 12 15 
Deaths during readmission 
- for rebleeding* 4 4 
Deaths at home due to 
rebleeding 2 0 
Late deaths åt 3t 
Alive at 4 years 14 12 


* Requiring a Sengstaken Blakemore tube. 
+ Associated with minor recurrent bleeds (1 FIS, 3 RIS). 
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Sclerotherapy Techniques 


The Olympus Q end-viewing fiberoptic endoscope 
(without compression) (Olympus Corporation, Lake 
Success, NY) was used for FIS. The sclerosant used was 
ethanolamine oleate, and injections were performed in 
the lower 5 cm of the esophagus, using the combined 
intravariceal and submucosal paravariceal injection 
technique. Paravariceal injection (+1 ml per site be- 
tween the variceal channels) produced local swelling 
that compressed the varices and was used primarily dur- 
ing the acute bleeding episode or when the variceal 
channels were still large, in order to prevent needle 
puncture bleeds from the intravariceal injection sites. 
This was followed by intravariceal injections in all the 
variceal channels of approximately 5 ml per varix. The 
RIS technique was performed under general anesthesia, 
using a modified rigid Negus™ scope (Riimmer Bros., 
Cape Town, South Africa) with a slot in the distal end to 
facilitate injections. Generally, three variceal channels 
were injected (5-8 cc per site), just proximal to the 
esophagogastric junction. ? 

Major recurrent bleeding was defined as bleeding epi- 
sode that required balloon tamponade, which was then 
followed by a further acute injection session. After the 
acute injections, two further sessions were planned at 
weekly intervals before discharge of the patients. Subse- 
quent follow-up was arranged at 1 month, and thereafter 
on an individual basis, with the aim of achieving eradi- 
cation of all varices in the shortest possible time. 

All patients were followed-up regularly for a mini- 
mum of 1 year after closure of the trial. No patients were 
lost to follow-up. 


Statistics 


The Mann-Whitney U test was used for the mean 
values of the Child’s grading system, the unpaired Stu- 
dent’s ¢ test for the mean values of the number of injec- 
tions and for the number of months to eradication, 
whereas the Chi-squared test was used for the total num- 
ber of complications. 


Results 


Table 1 shows the patients’ age, sex distribution, un- 
derlying liver pathology, and a modified Child’s risk 
grading. The two groups were comparable in every re- 
spect. Twenty-five and 23 patients in the FIS and RIS 
groups, respectively, required a balloon tube to control 
their index bleeding episode. Bleeding during the acute 
phase was controlled in 91% (FIS) and 95% (RIS) of the 
cases. This was achieved with one or two injection ses- 
sions in 80% and 81% in the two groups, respectively. In 
terms of mortality, the outcome of the patients over the 
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course of the trial period is outlined in Table 2. Twenty- 
four patients (66%) in the FIS group and 19 (56%) in the 
RIS group survived the first hospital admission. Eight 
and seven patients were readmitted with recurrent 
bleeds sufficiently severe to require balloon tamponade 
for control. Four in each group died, and an additional 
two patients in the FIS group died at home after a 
bleeding episode. Of the seven late deaths, four (1 FIS 
and 3 RIS) were associated with a minor bleeding epi- 
sode. Of the 44 deaths during the 4-year follow-up pe- 
riod, only three patients died of causes unassociated 
with a bleeding episode. 

Except for the small group, in which control of the 
active bleeding episode failed, the primary cause of 
death was difficult to determine. Although most of the 
deaths were due to a combination of liver failure with or 
without renal failure, cardiorespiratory complications, 
and multiorgan failure, recurrent bleeds were frequently 
the precipitating factor. 

Eradication of esophageal varices was assessed in pa- 
tients who survived the first 3 months (Table 3). The 
median number of injections required were similar for 
the two groups, but eradication was accomplished over a 
shorter (not significant) period in the FIS group. Only 
two patients, both of whom were in the RIS group, had 
recurrent bleeding episodes after eradication of their 
varices. Twenty-four of these 29 patients (14 FIS and 10 
RIS) are alive, with a median follow-up period of 16 
months. 

The overall complication rate per injection session 
was significantly lower in the fiberoptic than in the rigid 
endoscopy group (Table 4). While the incidence of seri- 
ous complications, such as localized esophageal leak, 
occured more frequently in the RIS group, aspiration 
pneunomia tended to be more common in those pa- 
tients who were injected with the fiberoptic endoscope 
(FIS) during the acute bleeding episode. 


Discussion 


In this controlled study, FIS compared favorably with, | 


and in some respects was superior to, the rigid scope 
technique. Despite the theorectical advantage of com- 
pressing the injected varices with the rigid scope, FIS 
was equally effective in controlling the acute bleeding 
episode. Although the paravariceal injections may have 
played an important role in the control of bleeding, sim- 
ilar results have been achieved with intravariceal injec- 
tions without any form of tamponade.'> However, in a 
small group of patients, active bleeding occurs on re- 
moval of the Sengstaken Blakemore tube or while in- 
jecting. with the fiberoptic endoscope. In this situation, 
while the patient is under general anesthesia, the rigid 
scope provides better control of active bleeding, while 
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TABLE 3. Eradication of Varices 


FIS RIS 
No. patients 36 34 
Deaths within first 3 months 17 18 
No. Assessed 19 16 
No. Eradicated 16 13 
No. of Injections 
Median 6 6 
Mean + SEM 7,25 +0, 94 6, 54+ 1, 12 
Months before eradication 5, 40, + 1,2 8, 61 + 1, 96 (NS) 


avoiding the risk of aspiration pneunomia. In these dif- 
ficult cases, the more liberal use of an endotracheal tube 
when using the fiberoptic endoscope should prevent this 
serious complication; unfortunately, problem patients 
cannot always be predicted. 

The high hospital mortality during the first admission 
of both groups, despite effective control of the bleeding 
episode in most cases, is disappointing but not unex- 
pected, since the majority of patients were poor-risk al- 
coholic cirrhotics. In fact, the percentage of poor-risk 
patients was much higher than in our previously re- 
ported studies.”!* The mortality rates of the two treat- 
ment groups were similar to those of other stud- 
jes, "12131617 with the majority of deaths occuring during 
the first admission. Of note was the finding that most of 
the deaths after the first admission were associated with, 
although not necessarily directly attributable to, a 
bleeding episode, and that there were only five deaths 
amongst the 29 patients whose varices were eradicated. 
Prevention of rebleeding, which is poorly tolerated by 
these patients, is therefore of paramount importance 
and, as shown in this study, can only be achieved by 
eradication of all esophageal varices. Unfortunately, in 
the majority of cases repeated injection sessions over a 
considerable length of time are required and in some, 
esophageal slough and patient compliance delay effec- 
tive sclerotherapy. Early identification of sclerotherapy 


TABLE 4, Procedure Related Complications 


FIS RIS 
No. patients* 17 19 
1 (0, 6%) 4 (2, 7%) 
Stenosis 4 (2, 2%)£ 5 (3, 4%)£ 
Slough (minor) 29 (16, 5%) 39 (26, 7%)t 
Aspiration 4 (2, 2%) 1 (0, 7%)t 
38t 49+ 

No. injection 

sessions 176 146 


* Patients who developed complications. 
tp < 0.05. 
t Percentage expressed per injection session. 
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failures and the prompt use of more major surgery in 
such patients could result in improved results; however, 
this requires further investigation.'® 

Although there was no clear statistical difference be- 
tween these two treatment modalities, we would recom- 
mend fiberoptic endoscopic sclerotherapy, particularly 
for the long-term management of these patients. It is 
safe, does not require a general anesthesia, and in the 
majority of cases, can be undertaken on an outpatient 
basis. These are major advantages in terms of cost effec- 
tiveness. As we gain more experience, FIS will, in most 
cases, be capable of being performed at the time of the 
acute bleeding episode,'° and this is, in fact, our pres- 
ently recommended policy. This should avoid the use of 
balloon tamponade, which has its own associated com- 
plications, and prevent the problem of recurrent bleeds 
in those patients who have stopped bleeding and are 
awaiting elective sclerotherapy. In experienced hands, 
however, RIS is still a useful method in the small group 
of patients who develop recurrent bleeding on removal 
of the Sengstaken Blakemore tube, and where injection 
is dificult without compression in the presence of active 
bleeding. 
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Early-stage esophageal carcinomas, particularly cases of intra- 
epithelial carcinoma and mucosal carcinoma, are extremely 
difficult to detect because the patients have no particular com- 
plaints, and findings on the x-rays are nil. At present, endo- 
scopic examination is the only tool of any value for discerning 
such lesions. Lugol-combined endoscopy with biopsy has 
proven to be most effective for detecting the presence and 
spread of small malignant lesions of the esophagus. Studies 
were conducted on the diagnostic features of one intraepithe- 
lial, five mucosal and 29 submucosal carcinomas of the esopha- 
gus, detected through the use of Lugol-combined endoscopy. 


dividuals with carcinomas. Esophageal cancers, 

in particular, metastasize rapidly, and early 
diagnosis and excision of the lesion in conjunction with 
radiation are at present the only effective treatments. 
However, despite improvement in diagnostic tools, 
most esophageal cancers detected in patients with sub- 
jective symptoms are advanced, and total excision is not 
feasible. 

About 20-30% of gastric cancers, such as mucosal or 
submucosal carcinomas, can now be detected at an early 
stage,''? whereas esophageal carcinoma is rarely detected 
at an early stage, since there are no symptoms in the 
early stage and the routine upper gastrointestinal (G.I.) 
series rarely reveals an early esophageal carcinoma. 
Consequently, only about 2% of the malignant esopha- 
geal lesions are found at a relatively early stage, in cases 
when the main lesion is confined to the mucosa or sub- 
mucosa.” 

In 339 patients with carcinoma of the thoracic part of 
the esophagus, subtotal esophagectomy was performed 
in our clinics during 1965-1987. Although almost all 
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these carcinomas were advanced, and 35 recent carci- 
nomas were early-staged carcinomas of the esophagus 
—that is, intraepithelial, mucosal, and submucosal car- 
cinomas. We discuss herein feasible approaches to early 
detection of esophageal carcinoma. 


Patients 


Three hundred and thirty-nine patients with thoracic 
esophageal carcinoma underwent subtotal esophagec- 
tomy in the Second Department of Surgery, Kyushu 
University Hospital, from 1965 to 1987. Both x-ray and 
endoscopic examinations, including biopsy, were given 
before surgery. In the majority of patients, operations 
such as subtotal esophagectomy and lymph node dissec- 
tion through a right thoractomy and esophageal recon- 
struction with a gastric tube through the antesternal 
route’ were carried out in one stage. All resected speci- 
mens, including lymph nodes, were histopathologically 
examined for depth and spread of invasion. 

These 339 patients were assigned to three groups, de- 
pending on the time of operation (Table 1). Group | was 
comprised of 99 patients who had undergone surgery 
during the first ten years of the study (1965-1974). 
Group 2 was comprised of 171 patients who were surgi- 
cally treated between 1975 and 1984; during this latter 
period, endoscopic examination of the esophagus was 
routinely done. Group 3 was comprised of 69 patients 
who were surgically treated during the years 1985-1987. 
During this final period, whenever the mucosal surface 
did not appear to be normal, Lugol’s solution’ was ap- 
plied during the endoscopic examination, and biopsies 
were then taken from those areas that caused suspicion. 
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TABLE 1. Patients 


Sex 
Number of 
Group Years Patients Male Female 
l 1965-1974 99 65 34 
2 1975-1984 171 128 43 
3 1985-1987 69 60 9 
Total 339 253 86 


Depth of Cancer Invasion 


ep mm sm pm ad 

0 0 l 15 83 
(1.0%) (15.0%) (83.8%) 

0 0 18 23 130 
(10.5%) (13.5%) (76.0%) 

l 5 10 7 46 
(1.4%) (7.2%) (14.5%) (10.1%) (66.7%) 

l 5 29 45 259 

(1.5%) (8.6%) (13.3%) 


(76.4%) 
a O E a A E i 


ep: invasion limited to the epithelium. 
mm: invasion confined to lamina muscularis mucosae. 
sm: invasion confined to submucosa. 


Results 


Only one patient (1%) of the 99 of Group 1 had a 
submucosal carcinoma of the esophagus, whereas 18 in 
Group 2 (10.5%) had a carcinoma that invaded the sub- 
mucosal layer (Table 1). In Group 3, there were ten, five, 
and one carcinomas that invaded the submucosal layer, 
mucosal layer, and epithelium, respectively. Thus, the 
number of patients for whom esophageal carcinoma was 
detected at an early stage increased remarkably. In terms 
of the histopathological findings, the characteristics of 


TABLE 2. Characteristics of Early Esophageal Carcinoma 
Depth of Invasion 


mm 


ep sm 
(1 Patient) (5 Patients) (29 Patients) 


Sex 

Male l 25 

Female 0 l 4 
Site 

Upper 0 0 l 

Middle l 4 19 

Lower 0 l 9 
Length of tumor (cm) 

Range 0.5 2-5 2-12 

Mean 0.5 3.2 4.0 
Pathology 

Well diff sq ca 0 0 6 

Mod diff sq ca l 5 15 

Poorly diff sq ca 0 0 8 
Vessel invasion 

Positive 0 2 10 

Negative l 3 19 
Lymph node involvement 

Positive 0 0 5 

Negative l 5 24 


Sa ae EE E A E E ES a EN Eaa LEa ESA 
ep: epithelium. 
mm: mucosa. 
sm: submucosa. 
sq ca: squamous cell carcinoma. 


pm: invasion reaching proper muscle. 
ad: invasion reaching adventitia and deeper. 


early esophageal carcinoma are summarized in Table 2. 
The intraepithelial and mucosal carcinomas show vir- 
tually no lymph node metastasis, and all the malignant 
tissues were thought to have been completely removed 
by surgery. However, five out of 29 patients with sub- 
mucosal carcinoma did have a lymph node metastasis. 

Although 26 of the 29 submucosal carcinomas were 
initially diagnosed by an upper G.I. series, mucosal or 
intraepithelial carcinomas were never evidenced by the 
upper G.I. series. These carcinomas were initially diag- 
nosed by endoscopic examination and biopsy, after 
which an upper G.I. series was again carefully per- 
formed. However, no accurate diagnosis was obtained. 

If the mucosal surface viewed during endoscopic ex- 
amination did not appear to be normal, Lugol’s solu- 
tion? was instilled at the suspicion-areas—a practice that 
has been in use since 1985. Lugol’s solution produces an 
uniform greenish-brown staining of the normal squa- 
mous epithelium, because glycogen present in the nor- 
mal epithelium interacts with the iodine in Lugol’s so- 
lution. The carcinomatous lesion having no glycogen 
remains unstained, and the presence and spread of le- 
sions are readily visible. 

No patients with mucosal or intraepithelial carci- 
noma had any subjective symptoms (Table 3). On the 
other hand, 23 of the 29 patients with submucosal carci- 
noma did have symptoms; two had pyrosis, 11 experi- 
enced chest discomfort, and the remaining 10 had a 
slight dysphagia. As for the 12 asymptomatic patients, in 
the case of four, early esophageal carcinoma was de- 
tected endoscopically at the time of a follow-up study of 
gastric ulcer. Endoscopic detection was used in the re- 
maining eight patients at the time of mass survey for 
gastric carcinoma. 

There were no recurrences in those with intraepithe- 
lial or mucosal carcinoma. However, four of 29 (14%) 
with submucosal carcinoma died with a recurrence be- 
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TABLE 3. Chief Complaints 
Depth of Invasion 
Complaints ep mm sm 
None l 5 6 
Pyrosis 0 0 2 
Chest discomfort 0 0 11 
Slight dysphagia 0 0 10 
Total l 5 29 





ep: epithelium. 
mm: mucosa. 
sm: submucosa. 


tween | and 4 years after surgery. These four patients 
had lymph node metastasis at time of surgery. Even in 
cases of a submucosal carcinoma, if the lymph nodes are 
involved, the prognosis is poor. 


Case Report 


A 65-year-old Japanese man with no particular complaints of 
symptoms had been treated for gastric ulcer since 1981 and was fol- 
lowed in the outpatient clinic. X-ray and endoscopy of the upper G.I. 
tract studies were usually done. X-rays of the esophagus revealed no 
evidence of disease (Fig. 1). However, irregularity in the mucosal sur- 
face of the esophagus was detected by endoscopy. When Lugol stain 
was applied, an unstained area appeared (Fig. 2) and squamous cell 
carcinoma was confirmed by biopsy (Fig. 3). After the endoscopy, 
fluoroscopy was repeatedly performed, but uncovered no evidence of 
any abnormality. 

Subtotal esophagectomy without preoperative treatment was per- 
formed on March 5, 1987. Histologically, the cancer was limited to the 
epithelium (Fig. 4). At the present time, the patient is well and is not 
receiving any treatment. 


Discussion 


Bailar and Smith® assessed the progress of cancer 
treatment in the United States during the years 
1950-1982 and concluded that it was a losing battle, 
despite the fact that there had been improvements in 
palliation and an extended life-span and increased life- 
productivity for some patients with carcinoma. A shift 
in research emphasis, from that of research on treatment 
to that of research on prevention, is necessary if any 
substantial progress in the fight against cancer is to be 
forthcoming. However, from our clinical experience, 
carcinomas of the digestive tract can be cured if found 
and treated at an early stage. In western countries, the 
5-year survival rate of early gastric cancer and Duke’s A 
carcinoma of the colon are both over 90%.”® 

Detection of carcinoma at an early stage is vital, par- 
ticularly for patients with esophageal cancer. From 1965 
to 1984, not one case of mucosal or epithelial carcinoma 
was evident in our esophageal cancer patients. During 
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Fic. 1. X-ray of a patient with epithelial carcinoma of the esophagus. 
The arrow indicates the area of the lesion; however, there are no 
abnormal findings. 





Fic. 2. Lesions unstained by Lugol’s solution. Shape of the lesion and 
spread of the invasion can be evidenced by staining with Lugol’s solu- 
tion. 
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FIG. 3. Histopathology of a 
biopsied specimen from a 
minute esophageal malig- 
nancy (hematoxylin and 
eosin stain X 97), 





1984-1987, when we began to apply Lugol’s solution diagnostic tools presently available for the detection of 
during the endoscopic examination, we detected five such small cancers of the esophagus, none of which were 
with a mucosal carcinoma and one with epithelial carci- evident on the x-ray. The usual endoscopic examination 
noma. These findings show that endoscopy with Lugol’s reveals an abnormality of the mucosa, but confirmation 
solution and endoscopic biopsies are the most efficient ofthe presence of a carcinoma is difficult. When Lugol’s 


FIG. 4. Histopathology of 
the resected esophagus re- 
veals moderately differen- 
tiated squamous cell carci- 
noma (large arrows), con- 
fined to the intraepithelial 
layer (hematoxylin and 
eosin stain X 144), 2 weeks 
after the biopsy, the intraep- 
ithelial carcinoma is already 
covered with a normal epi- 
thelium (small arrows). 
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solution was used as an esophagoscopic diagnostic, we 
instilled this solution via a polyethylene tube, under di- 
rect vision, and biopsies were then taken from the un- 
stained area. Congo red-methylene blue or the indigo 
carmine dye-spraying method is useful in the diagnosis 
of early gastric adenocarcinoma.’ In cases of squamous 
cell carcinoma, Lugol’s solution has led to a clear iden- 
tification of the lesions. The normal squamous epithe- 
lium includes glycogen that interacts with the iodine of 
Lugol’s solution, whereas the normal squamous epithe- 
lium becomes a uniform greenish-brown. Squamous 
cell carcinoma that does not include glycogen does not 
stain well. 

We propose that endoscopy plus application of 
Lugol’s solution will aid in detecting minute malignant 
lesions of the esophagus. 
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Duplications of the alimentary tract are unusual congenital 
anomalies that frequently present a diagnostic as well as thera- 
peutic challenge to the surgeon. Because these lesions occur so 
infrequently, they are often not suspected until encountered 
intraoperatively. Due to the complicated anatomy and common 
blood supply shared between the duplication and associated 
native bowel, appropriate management requires a familiarity 
with the anatomy and clinical characteristics of this entity. To 
better define the range of patient characteristics, clinical pre- 
sentation, and preferred therapy, 20 enteric duplications were 
reviewed in 17 patients treated at the Children’s Hospital 
Medical Center from 1956 to 1986. Ages of patients ranged 
from 1 day to 11 years; 60% were less than 2 years of age at 
initial presentation. Seven duplications in six patients involved 
alimentary tract structures of foregut derivation (esophagus, 
stomach, and Parts I and II of duodenum), with a predomi- 
nance of girls (4 of 6). Most of these patients (67%) presented 
with moderate to severe acute respiratory distress and a mass 
present on chest radiograph. In 67% of the patients, the correct 
diagnosis was established before operation. None required 
emergency operative intervention. By contrast, 13 duplications 
in 11 patients were of midgut or hindgut derivation (Parts III 
and IV of the duodenum, jejunum, ileum, and colon). In this 
group of patients, 62% of the duplications involved the cecum, 
23% involved the ileum, and 16%, the jejunum. Seventy-eight 
per cent of the patients were boys. The most common symp- 
toms were nausea and vomiting, and the most common sign was 
a palpable abdominal mass. Emergency operative intervention 
was required of eight of 11 patients with duplications involving 
the small bowel and colon. Three patients presented with an 
intussusception, four with signs and symptoms consistent with 
acute appendicitis, one with a small bowel obstruction, and two 
with gastrointestinal hemorrhage due to the presence of ec- 
topic gastric mucosa within the duplication. It was found that 
two important points must be considered in regard to the man- 
agement of enteric duplications: (1) the common blood supply 
shared between the duplication and native bowel must be care- 
fully protected to avoid undue sacrifice of normal bowel, and 
(2) the presence of heterotopic gastric mucosa in 35% of pa- 
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tients negates internal drainage. When resection of extensive 
tubular duplications would have required esophageal recon- 
struction or resulted in short bowel syndrome, selective muco- 
sal excision was used in which the serosa and muscularis were 
left in continuity with the normal bowel and only the mucosa is 
removed, separating the duplication from the lumen of the as- 
sociated alimentary tract structures. 


UPLICATIONS OF THE ALIMENTARY tract are 
D rare. Most analyses have consisted of an iso- 

lated case report with an accompanying litera- 
ture review. Before W. E. Ladd’s pioneering analysis in 
1937,' descriptive terms for this anomaly had included 
enteric or enterogenous cysts, giant diverticula, ileum, 
jejunum, or colon duplex, and “unusual” Meckel’s di- 
verticula. Ladd recommended that the term “alimen- 
tary tract duplications” be applied to those congenital 
malformations that involve the mesenteric side of the 
associated alimentary tract and share a common blood 
supply with the native bowel. His observations consoli- 
dated the classification of this entity and clarified its 
differentiation from other cystic malformations of the 
alimentary tract.’ 

The etiology of alimentary tract duplications has not 
yet been well characterized. Hypotheses have included 
the persistence of embryonic diverticula during develop- 
ment of the alimentary tract, intrauterine vascular acci- 
dents, and recanalization and fusion of embryologic 
longitudinal folds.2? Abortive twinning has also been 
proposed as one possible causative factor of the exten- 
sive complete duplications of the colon and genitouri- 
nary system that occasionally occur.* However, all 
theories implicate the influence of an environmental 
stress that affects the development of the early fetus. 
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This would explain the associated congenital abnormali- 
ties that are recognized as accompanying duplications of 
the alimentary tract. 

The infrequency of alimentary tract duplications has 
limited analyses of patient characteristics, clinical pre- 
sentation, and preferred therapy. These anomalies often 
mimic other disease entities and are most frequently 
encountered unexpectedly during laparotomy for what 
had been diagnosed as being a more common disease, 
such as intussusception, appendicitis, or gastrointestinal 
bleeding. To better define the clinical aspects of this 
anomaly, we have undertaken a retrospective analysis of 
20 enteric duplications in 17 patients treated at our in- 
stitution from 1956 to 1986. This relatively large series 
has allowed for the analysis of patient characteristics and 
preferred methods of treatment specific to duplications 
of the alimentary tract. 


Patients and Methods 


All patients with alimentary tract duplications treated 
exclusively at the Children’s Hospital Medical Center 
from 1956 to 1986 were identified from medical rec- 
ords, surgical pathology reports, and operative reports. 
Patients with mesenteric cysts and those with duplica- 
tions of the tracheobronchial tree were excluded. 
Twenty duplications in 17 patients were identified. 
There was a 100% complete follow-up for all patients. 

Patient characteristics and symptomatology varied 
according to the embryological derivation of the in- 
volved tissues. Therefore, we analyzed the duplications 
in our series according to foregut, midgut, or hindgut 
derivation. Embryologically, the foregut at the cranial 
end of the primitive gut develops into the pharynx, re- 
spiratory tract, esophagus, stomach, first part and proxi- 
mal half of the second part of the duodenum.” The mid- 
gut differentiates to form the distal half of the second 
part of the duodenum, Parts III and IV of the duode- 
num, the jejunum, ileum, cecum, appendix, and proxi- 
mal colon to include the proximal two thirds of the 
transverse colon. The hindgut differentiates to form the 
distal one third of the transverse colon, the descending 
and sigmoid colon, the rectum, anus, and a significant 
part of the urogenital system. Because duplications of 
midgut and hindgut derivation were so similar in clini- 
cal characteristics, we have combined them for further 
analysis. 


Results 
Patient Characteristics 


Twenty alimentary tract duplications were identified 
in 17 patients treated at our institution from 1956 to 
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1986. Patients ranged in age from | day to 11 years at 
initial presentation; 60% were less than 2 years of age at 
the time of diagnosis of the first duplication. Overall, 
there was a slight predominance of boys (60%). 

Thirty-nine per cent of duplications involved alimen- 
tary tract structures of foregut derivation (esophagus, 
stomach, and Parts I and proximal half of Part II of the 
duodenum), and 61% were of midgut or hindgut origin 
(distal duodenum, jejunum, ileum, cecum, and colon). 
Overall, the most frequent site was the ileocecal area (8 
of 20). 


Alimentary Tract Duplications of Foregut Derivation 


In six patients, seven duplications involved alimen- 
tary tract structures of foregut derivation. Six of the 
foregut duplications involved the esophagus, and one, 
which was a second noncontiguous duplication, in- 
volved the greater curvature of the stomach. There was a 
predominance of girls among these patients (4 of 6). 
Four of these six patients were less than 2 months of age 
at initial presentation. The majority of the patients 
(67%) presented with moderate to severe acute respira- 
tory distress, and all had a mass present on chest radio- 
graph. In one patient, a mass was noted on routine chest 
radiograph obtained for evaluation of aseptic meningi- 
tis. In another patient, a mass was noted in the upper 
right thoracic area. In all patients, a barium swallow 
with upper gastrointestinal series confirmed the mass. A 
representative study is shown in Figure I. In 67% of the 
patients, the correct diagnosis was established before 


surgery. 


Characteristics Specific to Duplications of the Esoph- 
agus 


There were six esophageal duplications in our series. 
Because esophageal duplications have attendant consid- 
erations specific to this anatomic site, we have analyzed 
this foregut location separately. Two of the six were ex- 
tensive and tubular in nature. Both of these were in 
communication with the native esophagus, and mucosal 
excision with preservation of the seromuscular layers 
was successfully performed. The cystic esophageal du- 
plications were easily resected by complete excision. A 
representative cystic duplication is illustrated in Figures 
2A and B. 

The histology present in esophageal duplications was 
variable (Table 1). All duplications contained at least 
two types of epithelium, including transitional, colum- 
nar, heterotopic lung tissue, thyroid stroma, ganglia, and 
various squamous varieties. Two of the six esophageal 
duplications contained parietal glands with heterotopic 
gastric mucosa, and one contained well differentiated 
lymphoid aggregates resembling Peyer’s patches. 
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FIG. 1. Radiograph of an esophageal duplication, demonstrating dis- 
placement of the esophagus by the duplication. 


Three of the six patients with esophageal duplications 
had associated congenital malformations: two with ver- 
tebral anomalies including cervical or thoracic hemiver- 
tebrae, and one with idiopathic scoliosis and metatarsus 
adductus. Two of these three patients had a second non- 
contiguous alimentary tract duplication. Both patients 
with foregut duplications and a second alimentary tract 
duplication had an associated congenital malformation. 
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Fics. 2A and B. (A) Operative photo 
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graph of duplication exposed through an extrapleural right thoracotomy. (B) Photograph of duplication 
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TABLE 1. Histology of Ectopic Tissue Present in Duplications 
of the Esophagus 
Patient Gastric Peyer’s 
Number Epithelium Mucosa Patches 
El Columnar No No 
Transitional 
E2 Mucous glands Yes Yes 
Small bowel villi 
E3 Heterotopic lung No No 
Nasopharyngeal glands 
Submucosal glands 
E4 Mucous columnar cells Yes No 
Ganglia, squamous 
E5 Squamous, ciliated No No 


Cuboidal cells 
Mucous glands 
E6 Thyroid stroma No No 
Respiratory muscle 
Squamous epithelium 





Both second duplications were below the diaphragm; 
one involved the greater curvature of the stomach, and 
the second involved the proximal ileum. 


Alimentary Tract Duplications of Midgut and Hindgut 
Derivation 


Thirteen duplications in 11 patients were of midgut or 
hindgut embryologic derivation (Parts III and IV of duo- 
denum, jejunum, ileum, cecum, colon, rectum, and 
anus). Seventy-eight per cent of these patients were boys. 
In this group of patients, 62% of duplications involved 
the ileocecal area, 23%, the jejunum, and 16%, the 
ileum. Representative surgical specimens are shown in 
Figures 3, 4A, and 4B. One duplication was a complete 
duplication of the colon, including two appendixes. 

In contrast with patients who had duplications of 
foregut origin, the preoperative diagnosis was less 
readily established in patients with duplications of mid- 


immediately following its removal. The common muscular wall between the duplication cyst and the esophagus was left on the esophageal side, 


removing only the mucosa of the duplication. 
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gut and hindgut derivation. Three patients presented 
with an intussusception with the duplication as the in- 
tussusceptum, four with signs and symptoms consistent 
with acute appendicitis, one with a small bowel obstruc- 
tion, and two with significant gastrointestinal hemor- 
rhage secondary to the presence of ectopic gastric mu- 
cosa. In one patient with a second esophageal duplica- 
tion on upper gastrointestinal x-ray series, a duplication 
was identified before surgery. In only three of the 13 
patients was the correct diagnosis established before 
operation. Emergency operative intervention was re- 
quired for eight of the 11 patients. 

Treatment consisted of resection with primary rean- 
astomosis in all patients except two, who had extensive 
tubular duplications involving the small bowel (Fig. 5). 
In these two cases, mucosal excision was used with pres- 
ervation of the seromuscular layer of the duplication in 
continuity with the native bowel, resulting in preserva- 
tion of the blood supply to the native bowel. 

All duplications of midgut and hindgut origin had at 
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FIG. 3. Operative photograph of duodenal duplication showing second 
portion of duodenum coursing over the surface of the mass. The du- 
plication was intimately associated with the pancreas, pancreatic ducts, 
and blood supply to the duodenum. Amylase content of the duplica- 
tion was elevated, indicating that it received drainage from the pan- 
creas. 
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Fics. 4A and B. (A) A cystic duplication of the small intestine that did not communicate with the lumen of the bowel. (B) Specimen opened to 
demonstrate the lumen of the duplication and lumen of the adjacent terminal ileum. 





FiG. 5. Photograph of a tubular duplication of the small intestine in 
which the blood supply went first to the duplication, then to the small 
intestine. This was treated by resection and end-to-end anastomosis. 
For a more extensive tubular duplication, an alternate approach would 
be selective mucosal excision to remove the mucosa only, leaving the 
seromuscular layers of the wall and the blood supply intact. 


least two types of epithelial tissue present. In five of the 
13 duplications, ectopic gastric mucosa was present. 
Additional ectopic tissue included ganglion cells, lym- 
phoid aggregates resembling Peyer’s patches, ectopic 
pancreatic tissue, squamous, transitional, and ciliated 
epithelium. 

One third (4 of 13) of the patients with duplications of 
midgut and hindgut derivation had associated congeni- 
tal malformations of the gastrointestinal or urinary 
tract. One patient had a malrotation with midgut vol- 
vulus. One had a congenital malformation of the inter- 
nal urethral sphincter, and two had extensive congenital 
abnormalities, including cloacal exstrophy with dupli- 
cated bladder, vagina, and renal collecting system. 


Discussion 


Multiple hypotheses have been proposed to explain 
the etiology of duplications of the alimentary tract.2-4 
The presence of heterotopic tissue, including well 
formed circular and/or longitudinal muscular layers, 
and lining epithelium, including squamous, transi- 
tional, and tubular and acinar glands, is supportive of a 
congenital developmental origin. In our series, there was 
commonly a presence of heterotopic tissue of diverse 
varieties: thyroid stroma, gastric mucosa, lymphoid ag- 
gregates resembling Peyer’s patches, ciliated bronchial 
epithelium, lung tissue, and cartilage. 

Duplications of the alimentary tract were most fre- 
quent in the ileocecal region in our series. Because of the 
intra-abdominal nature of these abnormalities, in the 
majority of patients with duplications of midgut and 
hindgut derivation, the diagnosis was established intra- 
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operatively and was not suspected before operation. Pa- 
tients presented with intussusception, signs and symp- 
toms consistent with acute appendicitis, bowel obstruc- 
tion, and gastrointestinal hemorrhage due to the 
presence of ectopic gastric mucosa. By contrast, the ma- 
jority of duplications of foregut embryology were sus- 
pected before surgery, due to the uniform presence of a 
mass on chest radiograph and the results obtained from 
contrast radiographic studies that suggested the diag- 
nosis. Most patients with esophageal duplications had 
symptoms referable to the respiratory tract, and all had a 
mass that was present on chest radiograph. 

Duplications of the alimentary tract may be tubular 
or cystic in configuration,‘ with the cystic form being the 
more frequent in our series. Both types were character- 
istically located on the mesenteric aspect of the asso- 
ciated native bowel, and therefore shared a common 
blood supply.* Those of tubular configuration tended to 
be more extensive in our experience. 

Operative management of enteric duplications re- 
quires a familiarity with the entity and may pose a chal- 
lenge to even the most skilled surgeon. Two important 
points must be considered: (1) the common blood sup- 
ply shared between the duplication and the native bowel 
must be carefully protected to avoid undue sacrifice of 
normal bowel, and (2) the presence of heterotopic gas- 
tric mucosa negates internal drainage because of the risk 
of gastrointestinal hemorrhage from this focus. In our 
series, 35% (7 of 20) of duplications contained hetero- 
topic gastric mucosa, and two of those patients initially 
presented with gastrointestinal hemorrhage. 

Generally, cystic duplications were easily removed 
from their attachments to the surrounding tissues. Some 
were literally “shelled-out”. Others required operative 
resection with primary end-to-end anastomosis to re- 
store bowel continuity. Those of tubular configuration 
were more extensive, and at times posed a special chal- 
lenge to the surgeon. When extensive resection would 
have resulted in short bowel syndrome or have required 
esophageal reconstruction, we found selective mucosal 
excision to be an excellent alternative approach. With 
this technique, the serosa and muscularis are left in con- 
tinuity with the native bowel, and only the mucosa of 
the duplication is removed, separating the duplication 
from the lumen of the associated normal alimentary 
tract structures. In this manner, extensive resections 
were avoided and all heterotopic tissue excised. This 
technique was first reported by Wrenn in 1962,° and we 
have subsequently used it in four patients. In patients 
treated in this manner, the gastric mucosa did not regen- 
erate. 

Congenital anomalies which accompany alimentary 
tract duplications may be explained in part by the em- 
bryological origin of the structures: foregut, midgut, or 
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iindgut. Half of our patients with duplications of fore- 
sut derivation had associated skeletal malformations in- 
‘luding thoracic and cervical hemivertebrae, idiopathic 
scoliosis, and metatarsus adductus. By contrast, one 
'hird of the patients with duplications of midgut and 
iindgut derivation had congenital malformations in- 
volving the gastrointestinal or genitourinary tracts with- 
vut associated skeletal abnormalities. All of the patients 
in our series with a second noncontiguous alimentary 
tract duplication had an associated congenital malfor- 
mation of the skeletal, gastrointestinal, or genitourinary 
tract. We therefore recommend for all patients with a 
documented duplication and an additional congenital 
malformation that the surgeon look for an additional 
noncontiguous duplication. 

In conclusion, although duplications of the alimen- 
tary tract are rare, appropriate management requires a 
familiarity with the anatomy and clinical characteristics 
of this entity. Patients with duplications in our series 
presented with a variety of nonspecific symptoms and 
signs, often requiring urgent operative intervention. Ali- 
mentary tract duplications must be considered during 
the evaluation of thoracic and abdominal masses, gas- 
trointestinal hemorrhage of unclear etiology, intussus- 
ception, and mechanical bowel obstructions. The com- 
mon blood supply shared by the duplication and asso- 
ciated normal bowel must be recognized and preserved 
in order to avoid unnecessary and catastrophic loss of 
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normal bowel. Our experience indicates that those pa- 
tients with an alimentary tract duplication plus an asso- 
ciated malformation of the skeletal, gastrointestinal, or 
genitourinary tract should be thoroughly evaluated for a 
second noncontiguous alimentary tract duplication. Fi- 
nally, internal drainage is not an option for therapy be- 
cause of the relatively high (35%) incidence of ectopic 
gastric mucosa present within the lining mucosa of the 
duplications. 
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Oral contraceptives have been implicated in the development 
of hepatic cellular adenomas (HCA) and associated in at least 
one report with focal nodular hyperplasia (FNH). Recurrance 
of lesions or progression while the patient is no longer receiv- 
ing exogenous steroids is less well documented. Three cases 
are reported in which progression or recurrance of HCA after 
the discontinuance of steroids was documented. In addition, 
FNH and uterine leiomyomas with HCA were observed in all 
three cases. The mechanism of tumor formation secondary to 
the use of oral contraceptives remains undetermined. In two 
cases, liver tissues were tested for estrogen receptors; both 
were found to be negative. Although technique as well as the 
observed progression of these lesions or development of new 
lesions after the discontinuance of steroids may account for 
this negative finding, it suggests that induction of this process 
may be caused by means other than direct cellular stimulation 
by the exogenous hormones. Finally, these three cases call 
attention to a potential subgroup of patients having oral con- 
traceptive-associated HCA who may have progression of their 
liver tumors when no longer receiving steroids and who require 
an aggressive treatment program and noninvasive follow-up 
examinations. 


oral contraceptives and the development of he- 

patic cell adenomas (HCA) was initially sug- 
gested in 1973 by Baum et al.,' and has been supported 
by numerous reports since that time.?-'? In some early 
reports, other liver tumors, including focal nodular hy- 
perplasia (FNH) and hepatocellular carcinoma, were 
also believed to be related to oral contraceptive use. 
However, most investigators now consider HCA the 
only tumor clearly associated with oral contraceptive 
use. Furthermore, during the past ten years it has been 
shown that discontinuation of hormonal therapy 
usually results in regression of HCA that are biopsied 
but not excised. It is generally accepted that small or 
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inaccessible, asymptomatic HCA can be safely observed 
after cessation of oral contraceptives, because involution 
of the adenoma is to be expected. The only reported 
exception is that which Mariani et al. reported, in which 
there was well documented progressive enlargement of 
an HCA, despite cessation of hormone use.!? 

The purpose of this paper is to report three cases in 
which HCA progressed after patients were no longer 
receiving steroids. These cases were associated with life- 
threatening complications. In two of our three patients, 
HCA were present concomitantly with focal nodular 
hyperplasia. Uterine leiomyomata were present in all 
three cases. In addition, during follow-up we were able 
to document continued enlargement of a pre-existing 
HCA that, in one patient, could not be removed during 
a previous operation, and the appearance of a new HCA 
in the apparently normal unresected liver of a second 
patient. 


Case Reports 


Case l 


A 34-year-old black female nurse, gravida 0, had used oral contra- 
ceptives for a 2-year period, but had taken none for the 7 years preced- 
ing hospitalization. She was in excellent health until 6 months before 
hospitalization, when she was admitted for a short period of observa- 
tion after a minor auto accident. Her seat-restraint had prevented any 
major injuries. Three months later she was involved in another minor 
motor vehicle accident. Again she was admitted for 24 hours of obser- 
vation. About 10 days after this accident, she began to complain of 
right upper quadrant abdominal pain. Her physical examination was 
normal except for the finding of a right upper quadrant mass that was 
mildly tender to palpation. A radionuclide biliary scan (HIDA) re- 
vealed a large filling defect in the right hepatic lobe and a normally 
functioning gall bladder. Angiography revealed a large, relatively avas- 
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cular liver lesion, in addition to several smaller blushing areas in the 
surrounding right lobe (Fig. 1). Preoperative laboratory studies were 
unremarkable. A diagnosis of HCA with concomitant FNH was made 
on the basis of the angiographic findings. It was considered likely that 
either hemorrhage or necrosis of the HCA caused her acute symptoms. 

During the operation, a 10 cm lesion was palpable in the inferior 
aspect of the anterior segment of the right hepatic lobe. Several 2 cm 
diameter nodular lesions were also present in the right lobe. A massive 
pedunculated uterine leiomyoma and several smaller leiomyomata 
were discovered during exploratory surgery. A wedge excisional biopsy 
of one of the hepatic nodular lesions was interpreted as FNH by frozen 
section. Together with a margin of normal liver tissue, the larger lesion 
was totally removed by wedge resection. Permanent pathologic inter- 
pretation confirmed that the small nodule was FNH and the larger 
lesion was HCA (Figs 2A and B). 

Gross sectioning of the HCA revealed a large cavity filled with old 
clot from intratumor hemorrhage (Fig. 3). 

After surgery, the patient did well and was discharged on the 6th 
postoperative day, having normal liver function tests and tolerating a 
normal diet. 

The patient returned to the care of her physician. Follow-up serial 
imaging studies were recommended but not obtained. The patient was 
not seen in our clinic again until 3 years later, when she presented with 
a complaint of right upper quadrant pain. A new tumor mass, 8 cm in 
diameter, was discovered in the left medial segment by imaging stud- 
ies. Hemorrhage within the mass was noted by magnetic resonance 
imaging (MRI) (Fig. 4A), but was difficult to discern through compu- 
terized tomogram (CT) with contrast (Fig. 4B). The patient was re- 
turned to the operating room, where complete excision of the involved 
lesion was performed. Her postoperative course was uneventful and 
she was discharged, having normal liver function tests and receiving a 
normal diet. She has done well during 6 months of follow-up. 


Case 2 


A 36-year-old white female, gravida 3, para 3, had used oral contra- 
ceptives for a 3-year period, but had not used any for the 6 years 
preceding hospitalization. Two weeks before admission, she had un- 
dergone a transabdominal hysterectomy for large leiomyomata. Dur- 
ing a routine exploratory, a large liver mass was palpated. After sur- 
gery, a selective hepatic angiogram showed a large vascular tumor 
occupying most of the right lobe of the liver (Fig. 5). A diagnosis of 
HCA was considered most likely. The patient was transferred to our 
hospital for further care. All other preoperative tests were unremark- 
able. During exploratory surgery, a 12 cm smooth ovoid mass was 
discovered in the right lobe of the liver, involving both anterior and 
posterior segments. Several areas consistent with FNH were identified 
adjacent to the mass. A right hepatic lobectomy was performed with- 
out difficulty. Microscopy confirmed the clinical impression that the 
smaller lesions were FNH and that the large mass was an HCA. Estro- 
gen and progesterone receptor assays were negative. Her postoperative 
course was uneventful, and she was released on the 8th postoperative 
day, having normal liver function tests and tolerating a normal diet. 
She has done well during 4 years of follow-up. 


Case 3 


A 37-year-old white female, gravida 2, para 1, used oral contracep- 
tives for 2 years. She had not used oral contraceptives for 10 years 
before hospitalization. Six years before admission, she had undergone 
an emergent left lateral segmentectomy after rupture of an HCA and 
massive intraperitoneal hemorrhage. She underwent serial radionu- 
clide liver-spleen scans and ultrasonography at 6-12-month intervals 
following that operation. All examinations were reportedly normal 
until an examination 2 weeks before admission. At that time, she was 
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FIG. 1. Selective angiogram from the patient of Case 1, demonstrating 
a large, relatively avascular lesion of the right lobe of the liver that was 
found to be a hepatic adenoma at the time of operation. 


found to have several new large sonolucent areas in the liver. She 
underwent abdominal CT and selective hepatic angiography, which 
more clearly defined these lesions (Fig. 6). A diagnosis of recurrent 
HCA was made, and she was transferred to our institution for further 
care. Her medications on admission were 40 mg of Corgard™ (Squibb, 
Princeton, NJ) daily and Dyazide,™ (SK&F, Philadelphia, PA) one 
tablet daily for essential hypertension. Other significant history in- 
cluded a dilatation and curettage for fibroids 2 weeks before admission, 
and 9 years before admission an ectopic pregnancy, for which she 
underwent bilateral tubal ligations. Her preoperative workup was 
unremarkable. 

During the operation, two large masses were evident—one in the 
medial segment of the left lobe, and one in the anterior inferior portion 
of the right hepatic lobe. A third lesion evident on CT in the posterior 
right lobe could not be palpated or visualized. Except for the presence 
of several small uterine leiomyomas, the remaining exploratory was 
normal. The two accessible lesions were excised with surrounding rims 
of normal liver. 

Microscopy showed these lesions to be HCA. No futher lesions were 
noted in the specimens. Estrogen and progesterone assays were nega- 
tive. The postoperative course was unremarkable and the patient was 
released from the hospital, having normal liver function tests and 
tolerating a normal diet. She has done well during the 3 years of 
follow-up. 


Discussion 


The association of oral contraceptive use and the de- 
velopment of benign liver tumors has been well estab- 
lished in the medical, radiological, and surgical litera- 
ture. Since the time that the first six cases were reported 
by Baum et al. in 1973,’ the volume of documented 
cases has grown to include more than 500. Excellent 
reviews have been published in recent years by Sherlock, 
Terblanche, and Kerlin et al.*:'°'* Despite the reserva- 
tions of some, the weight of evidence supports the origi- 
nal hypotheses that oral contraceptive use is associated 
with the development of benign liver tumors. 
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FiG. 2A. Photomicrograph 
of FNH from the patient of 
Case 1. 


FiG. 2B. Photomicrograph 
of HCA from the patient of 
Case 1. 
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FIG. 3. Gross specimen of 
hemorrhagic lesion of the 
liver removed by wedge re- 
section with a rim of normal 
liver from the patient of 
Case 1. 


These lesions are of several types. The vast majority 
are HCA. Microscopically, these tumors consist of ap- 
parently normal liver cells, without the presence of bile 
ducts or central veins. The tumor is usually solitary, 
although multiple lesions have been reported. FNH is 
found less frequently. Characteristically, FNH demon- 
strates central scar formation with proliferating bile 
ducts, from which fibrous septa radiate. In some case 
reports, differentiating HCA from FNH has been con- 
fusing. It is currently believed that FNH in oral contra- 
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ceptive users may be a coincidental finding, and that 
tumors associated with symptoms of rapid growth or 
hemorrhage are nearly always HCA. However, excep- 
tions have been reported in which oral contraceptives 
and pregnancy have been shown to influence FNH." 
Therefore, the effect of the hormonal milieu on FNH 
has not been resolved. Peliosis or focal vascular sinusol- 
dal dilatation without an endothelial lining may be 
found either alone or in association with either HCA or 
FNH. The major controversies over these lesions no 





FIGS. 4A and B. (A) Nuclear magnetic resonance scan of the upper abdomen obtained from the patient of Case 2, demonstrating a large mass in the 
left medial segment the liver. (B) Computerized tomogram, with contrast, of the same area as that imaged in Figure 4A. Note the relative 
insensitivity of this technique in defining the lesion that was proven to be a recurrent HCA at operation. 
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FIG. 5. Selective angiogram of right lobe of the liver from the patient of 
Case 3, demonstrating a large vascular tumor. At the time of operation, 
this proved to be an HCA. 


longer center on their association with oral contracep- 
tives, but rather on whether or not such lesions undergo 
malignant change, and on specifying the most appro- 
priate treatment for these lesions, particularly when they 





FIG. 6. Computerized tomogram from the patient of Case 3, demon- 
strating two recurrent lesions of the liver. At the time of operation, 
these proved to be HCA. 
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are asymptomatic. The weight of current evidence indi- 
cates that malignant change in an HCA rarely if ever 
occurs, except in patients having type la glycogen stor- 
age disease, '4:!6!7 

A real and pressing concern in regard to HCA is their 
potential for rupture and catastrophic hemorrhage. It 
has been demonstrated that withdrawal from oral con- 
traceptives results in regression of most HCA. Emphasis 
has therefore been placed on the role of conservatism in 
their management. Sherlock strongly advocates a con- 
servative approach to these lesions, suggesting that only 
tumors causing symptoms or associated with complica- 
tions should be removed. She recommends that lesions 
be left in situ, that sex hormones be discontinued, and 
that the tumors be observed for regression every 6 
months, using ultrasonography and/or liver scan.!° 

Evidence of tumor regression has substantiated the 
opinion that estrogen or progesterone stimulation is an 
important pathogenic mechanism for their develop- 
ment. Mariani et al. reported a single case in which an 
HCA was noted to increase in size, as determined by 
noninvasive techniques, despite the discontinuation of 
oral contraceptives.'? The three cases presented in this 
report add additional weight to the evidence that some 
of these tumors may continue to enlarge and become 
symptomatic without exogenous hormonal stimulation 
or pregnancy. In all three of our cases, oral contracep- 
tives had been discontinued for more than 5 years before 
the discovery or reappearance of these lesions, and in 
two cases, symptomatic “new” lesions were docu- 
mented years after use of hormones had been discon- 
tinued. 

Significant bleeding can result from these lesions after 
relatively minor trauma, or can occur spontaneously as 
they enlarge. Since elective tumor resection is accompa- 
nied by a low morbidity, we support the position of 
Terblanche et al. that large (>5 cm) lesions should be 
removed at the time of exploratory surgery.* FNH, 
which is unlikely to cause a bleeding problem, and mul- 
tiple or solitary HCA, which cannot be removed without 
a complete lobectomy, are best treated initially by con- 
servative management after their histological diagnosis 
has been verified. Until involution is documented, the 
use of oral contraceptives should be prohibited, and se- 
rial noninvasive imaging examinations should be per- 
formed every 3-6 months. Although most small HCAs 
do regress, these cases demonstrate that a subset of pa- 
tients appear to be at continuous risk after the develop- 
ment of an HCA. Furthermore, patients with a history 
of these tumors and who wish to become pregnant 
should be serially studied by noninvasive means and 
should be counseled appropriately concerning their 
added risk of hemorrhaging spontaneously during ges- 
tation. 
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The patients presented in this paper represent a subset 
of previously unrecognized patients with oral contra- 
ceptive, related HCA. In the cases of these patients, le- 
sions continued to enlarge, or at least failed to regress, 
despite the discontinuance of all steroid-related com- 
pounds. In two of the three patients, new lesions devel- 
oped. As these lesions have clearly shown their potential 
for symptomatic recurrence, frequent follow-up exami- 
nations using ultrasonographic imaging and early surgi- 
cal intervention are preferrable to conservative therapy. 
We believe that tumors larger than 5 cm in diameter 
that fail to involute within 6 months should be electively 
excised. Two of our cases were found to have concurrent 
FNH and HCA. These two lesions are rarely demon- 
strated in the same patient. In addition, all three of these 
patients were found to have uterine leilomyomas. 

The significance of the concurrence of uterine leio- 
myomas with liver lesions is unclear. The influence that 
estrogens have on these uterine lesions 1s well known, 
and the possibility that their growth represents an imbal- 
ance in the estrogen-progesterone ratio is suggested by 
the observation that these lesions tend to grow when 
estrogen is unopposed by progesterone. Liver paren- 
chyma is known to contain estrogen receptors and, 
therefore, it is tempting to postulate similar mechanisms 
of tumor induction by oral contraceptives for both the 
liver and the uterus. In a recent article, Porter et al. 
reported that biopsies of HCA and FNH contained cyto- 
solic and nuclear estrogen receptors.'? The nuclear es- 
trogen receptor levels were significantly elevated in 
HCA and FNH as compared to normal tissues. How- 
ever, in one case of HCA in which the patient was taking 
tamoxifen, nuclear and cytosolic estrogen receptor 
levels were either absent or significantly lower than in 
normal tissues. We were able to test for estrogen recep- 
tors in the HCA tissues from two of our patients. These 
assays were negative in both cases. This may have been 
due to differences in technique between the two studies. 
Thus, the evidence that there is a direct stimulatory role 
for estrogen in the generation of these lesions remains in 
question. Mechanisms for induction of these lesions by 
estrogen other than direct cellular stimulation exist as 
evidenced by Fischer et al.'? Using immunohistological 
techniques, they noted that liver tissues surrounding 
areas of FNH in patients with a history of long-term oral 
contraceptive use demonstrated altered enzyme patterns 
similar to those observed in animal models during ex- 
perimental hepatic carcinogenesis. 

These cases demonstrate the absolute necessity for 
regular long-term monitoring of patients having HCA. 
In addition, we conclude that an early and aggressive 
course is warrented in the treatment of patients with 
known progression of the disease or failure of an HCA to 
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involute within 6 months after discontinuance of exoge- 
nous hormones. 

Further, our observation of fibroid tumors coexisting 
in all three of these young patients points out the neces- 
sity of a thorough abdominal exploratory in any patient 
with a history of oral contraceptive use undergoing hys- 
terectomy for fibroids. It remains to be determined 
whether the association of fibroids with oral contracep- 
tive HCA indicates a subgroup.of patients who are likely 
to have progression of liver tumors even after their exog- 
enous hormones are discontinued. 
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Relationship Between the Diagnosis, Preoperative 
Evaluation, and Prognosis After Orthotopic 
Liver Transplantation 
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The purpose of this study was to identify which of the biochem- 
ical, immunological, or functional parameters derived before 
surgery as part of a systemic evaluation were helpful in pre- 
dicting the frequency of rejection episodes, the chance of sur- 
vival, and the cause risk of death (should death occur) of pa- 
tients after orthotopic liver transplantation (OLTx). Ninety- 
eight adult patients who had an extensive preoperative 
protocol evaluation were studied before OLTx. The biochemi- 
cal parameters assessed were albumin, prothrombin time, bili- 
rubin, and ICG clearance. The immunologic parameters as- 
sessed included total lymphocytes, T3 cells, T4 cells, T8 cells, 
and the T4/T8 ratio. The degree of histocompatibility antigen 
(HLA) matching between the donor and the recipient was also 
evaluated in 80 of the 98 patients studied. 

Most postoperative deaths occurred within 12 weeks of the 
procedure (24%; 24 of 98 patients); 13 patients (13%) died 


within the first 6 postoperative weeks, of either bacterial or: 


fungal sepsis. An additional 14 patients (14%) died after the 


initial 6 postoperative weeks due, primarily of an acquired viral - 


and/or protozoan infection (p < 0.01). 
During the first 6 weeks, survival was better for patients 


with cholestatic liver disease (ChLD, 93%, n = 45) and miscel- 


laneous liver diseases (MISC, 100%, n = 10) than it was for 
those with parenchymal liver diseases (PLD, 77%, n = 43). 

Although albumin, prothrombin time, T4/T8 ratios, and per 
cent T8 cells were statistically different in patients with PLD 
as compared with those with ChLD, these parameters, as well 
as the per cent T4 cells, serum bilirubin level, per cent reten- 
tion of ICG at 15 minutes, and the plasma ICG disappearance 
rate were not found to be of substantial help in predicting 
patient survival or nonsurvival. 

Moreover, neither the degree of HLA matching nor the 
number of rejection episodes differed between surviving and 
nonsurviving patients. 


The results of this study suggest that patients with PLD are . 


at increased risk of early postoperative death after OLTx be- 


- cause of bacterial and/or fungal sepsis, as compared with pa- 


tients operated upon for ChLD. Better pre-, intra-, and postop- 


erative predictors of risk of death and complications are _ 
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needed to reduce the early mortality observed after orthotopic 


liver transplantation. 

D tial selection of candidates for the procedure, 
refinements in the techniques of organ pro- 

curement and surgical grafting, the introduction of cy- 

closporine A (CyA), and improvements in the pre- and 


UE TO A VARIETY of factors, such as better ini- 


postoperative management of such patients, the life ex- 


pectancy of patients undergoing orthotopic liver trans- 
plantation S: has increased considerably over the 
last several years.’ Recent data from our institution re- 
garding survival show a 69.7 and 62.8% 1- and 5-year 
actuarial survival in 313 adult liver transplant patients.” 
The vast majority of the postoperative deaths have oc- 
curred within the first 2 postoperative months and are 
related primarily to sepsis.* Rejection is also a frequent, 
albeit controllable, problem after OLTx. 

The intensive immunosuppressive regimens used to 
treat rejection ‘facilitate postoperative sepsis. Other fac- 
tors, independent of the preoperative condition of the 
patient receiving a graft, might also play an important 
role in contributing to some of the postoperative deaths 
observed. Examples include ischemia of the graft and 
technical problems at the time of the operation that lead 
to postoperative vascular anastomotic thrombosis. 
` Because of these uncertainties, we have evaluated pa- 
tients prospectively for liver transplant and have tried to 
identify immunologic, biochemical, and functional pa- 
rameters that predict the frequency of rejection epi- 
sodes, the chance of survival, and the cause of death, 
should death occur in these patients. The following is a 
report of our findings. 
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Material and Methods 


We studied all adult candidates who were evaluated 
for possible liver transplantation between September 
1984 and September 1986. During this period, 150 adult 
patients received transplantations at the University of 
Pittsburgh. Ninety-eight of these patients had a protocol 
preoperative evaluation before the transplant and were 
considered for inclusion in the study. The remaining 52 
patients were either evaluated at their own referring in- 
stitutions or were sent directly to the surgical service (n 
= 42) and were either not evaluated completely or had 
acute hepatic failure that prohibited a complete preoper- 
ative evaluation (n = 10) before transplantation. 

The indicators of need for OLTx in these 98 patients 
are shown in Table 1. Overall, we can divide these 98 
patients into three distinct groups: a parenchymal liver 
disease group (PLD, n = 43), a cholestatic liver disease 
group (ChLD, n = 45), and a miscellaneous group 
(MISC, n = 10). The mean + SEM age for the PLD 
patients was 33 + 2 years (range = 17-59 yrs); 40 + 2 
years for the ChLD patients (range = 20-57 yrs); and 40 
+ 4 years for the MISC (range = 21-52 yrs). The ratio of 
men to women was 1.3 for the PLD group, 0.7 for the 
ChLD group, and 1.2 for the MISC group. 

The average interval between the initial evaluation 
and the subsequent OLTx was 4 months (range = 1 
week-—1 year); the average for patients with PLD, 3.0 
+ 0.6 months, was shorter than it was for patients with 
ChLD, for whom it was 5.0 + 0.6 months (p < 0.05). 

The following biochemical and immunological pa- 
rameters were determined for all candidates: serum bili- 
rubin and albumin levels, prothrombin time (PT), total 
lymphocyte count and lymphocyte subsets determina- 
tions, and the patient’s histocompatibility antigens 
(HLA). Both absolute numbers and the percentage of T 
lymphocytes and the various T lymphocyte subsets were 
determined. The T cell subpopulations were determined 
by flow cytometry on a FACS IV (Becton-Dickinson, 
Mountain View, CA), using a slight modification of the 
method described previously.* The following fluorescent 
labeled anti-T cell surface marker monoclonal antibod- 
ies were used: T3 (OKT3, Leu 4), T; (OKT,, Leu 3 a 
+ b), and Ts (OKT, Leu 2a). (The OKT series was 
purchased from Ortho Diagnostics; the Leu series was 
purchased from Becton-Dickinson.) At least 5 X 104 
cells were analyzed for each monoclonal antibody deter- 
mination. Control lymphocyte subset measurements 
were obtained in 100 contemporarily studied, normal 
patients. 

In 80 of the 98 patients studied, peripheral blood 
lymphocytes of both the donor and the recipient were 
typed for HLA A, B, and DR antigens. The method used: 
included the use of the standard National Institute of 
Health microlymphocytotoxicity technique for detec- 
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TABLE 1. Indicatators of Need for Liver Transplantation 
{n = 98 patients) 


Final 


PLD Cirrhosis idiopathic 2 
(n = 43) Cirrhosis HBs + 

Cirrhosis Autoimmune 

Cirrhosis Wilson’s 

Cirrhosis Hemochromatosis 

Cirrhosis Thorotrast 

Cirrhosis a, AT Def. 
CLD Primary Biliary Cirrhosis 
(n = 45) Primary Sclerosing Cholangitis 
Secondary biliary cirrhosis 
Carolt’s disease 
Multiple adenoma 
Hepatocellular carcinoma 
Subacute non-A, non-B (NANB) necrosis 
Budd-Chiari syndrome 
Polycystic kidney and liver 
Cryptococcosis 


MISC 
(n = 10) 


— Wo 


tion of A and B antigens and prolonged incubation mi- 
crolymphocytoxicity testing using enriched B-cell prep- 
arations obtained after carbonyl-iron treatment and Fi- 
coli-H Hypaque sedimentation after rosetting with 
neuraminidase-treated sheep red blood cells for the de- 
tection of the DR antigens. HLA matching between 
donors and recipients was considered when an antigen 
present in the donor was also present in the recipient. 
Measurement of the plasma retention of Indocyanine 
green (ICG) at 15 minutes and its plasma disappearance 
rate, obtained after intravenous (I. V.) administration of 
the drug, were determined in 86 of the patients. 

The following parameters were studied after OLTx: 
survival, cause of death, number of rejection episodes, 
hospitalization duration, the cyclosporine and predni- 
sone dose (oral) given at discharge, and the last follow- 
up cyclosporine and prednisone dosage. 

In regard to survival, five groups of patients were con- 
sidered. Group A (n = 13) included patients dying dur- 
ing the first 6 postoperative weeks; Group B (n = 11) 
consisted of those dying between the 6th and 12th post- 
operative weeks; Group C (n = 3) consisted of those who 
died after the 12th postoperative week; Group D (n 
= 39) included patients who survived after a follow-up 
less of than 1 year, and Group E (n = 31) included 
patients who survived after a follow-up of more than | 
year. Two other patient categories were also evaluated: 
the 24 patients who died within 12 weeks of the trans- 
plantation procedure (Groups A and B combined) and 
the 70 patients who survived at least 12 weeks after the 
operation (Groups D and E combined). 

A rejection episode was considered present when an 
elevation of bilirubin and/or gamma glutamyl transpep- 
tidase occurred in the absence of biliary obstruction, or 
vascular thrombosis and resolved rapidly with the initia- 
tion of antirejection therapy. Histologic confirmation of 
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TABLE 2, Causes of Death, Numbers of Retransplantation, and Ratio of PLD ChLD for Patients Undergoing OLTx, 
Segregated as to Duration of Survival (n = 98 patients) 


Cause of Sepsis* 
l PLD/ChLD 
Cause of Death B F y P Retransplantation Ratio 
Group A Sepsis: n = 10 6 8 2 — 7 yas 
‘(n = 13) Operative: n = 2 
Intracranial 
Hemorrhage: n = | 
Group B Sepsis: n = 9 2 1 3 2 7 0.8 
(n = 11) Rej:n = 1 
Metastasis: n = 1 
Group C Sepsis: n = 2 0 0 l l 1 mee 
(n = 3) Myoc. Infarct: n = 1 
Group D oe — 2 0.7 
{n = 39) 
Group E — — 8 0.9 
(n = 32) 
* B = bacteria. V = virus. 


.F = fungus. 


presumed rejection was frequently obtained and was es- 
tablished through the use of criteria recently reported.° 
At least one rejection episode occurred in each of 67 of 
the 98 patients studied and was diagnosed by clinical 
criteria in 22 (33%) and a combined clinico-histologic 
basis in 45 (67%). A typical antirejection regimen in- 
cluded a large I.V. dose of hydrocortisone or predniso- 
lone with or without a l-week steroid recycle.* Since 
August 1984, the antirejection therapy has included 
OKT; administration, as well. 

Before OLTx, Claforin (1 g of IV) was given to all 
patients. Ampicillin (1 g) and claforin (1 g) were given 
intravenously every 6 hours for 5 days; Mycostatin was 
given orally at identical intervals. 

Twenty-seven patients died. A complete autopsy was 
obtained from 22. Generally, either the most prominent 
pathologic event found at the time of the autopsy or if 
an autopsy was not performed, the most important 
complication during the immediate preterminal clinical 
course was identified as the cause of death. 

Pre- and postoperative data were entered in on an 
IBM™ computer. Analysis of variance (ANOVA), 
Spearman correlation, chi-square analysis, and Stu- 
dent’s ¢ test for paired and unpaired values were used in 
the statistical analysis of the data obtained using a Stat- 
pack™. Statistical significance was obtained when the p 
value was at least <0.05. 


Results 


Survival 


The survival groups are represented in Table 2 as well 
as cause of death, the cause of sepsis, number of retrans- 
plantation when it occurred, and the ratio of PLD/ 
ChLD cases for each group. 


P = protozoan (Pneumocystis), 


Thirteen per cent (13 of 98 patients) of the deaths 
observed occurred within 6 weeks of operation; 24% (24 
of 98 patients) occurred within 12 weeks of the proce- 
dure. Only 3% (three of 97 patients) of the deaths occur 
more than 12 weeks after the time of surgery. Sepsis was 
the principle cause (79%; 19 of 24 patients) of death in 
those who died within 12 weeks of surgery. Bacterial and 
fungal sepsis was seen as the cause of death principally in 
those patients who died within the first 6 weeks, whereas 
viral and protozoal sepsis were the principal causes of 
death that occurred after 6 weeks (X? = 6.6; 95% Confi- 
dence Interval (CI) 2.1-121.3; p < 0.01). An odds ratio 
for deaths of 16.33 was obtained, showing that risk of 
early death (before 6 weeks) was increased sixteen-fold 
in those who developed an early postoperative bactenal 
and fungal infection. | 

A higher frequency of retransplantation was seen in. 
Groups A and B as compared to Groups D and E (14 of 
24 patients = 58% vs. 10 of 70 patients = 14%, p < 0.05). 
Interestingly, the PLD/ChLD ratio was higher in the 
Group A patients who died of early bacterial or fungal 
sepsis as compared to any of the other four groups (X? 
= 5.1; 95% CI 1.13-32.7; p < 0.05). 

The percentage of patients operated upon for PLD, 
ChLD and MISC hepatic diseases who survived at 6 
weeks, 12 weeks, and 1 year is shown in Figure 1. There 
was a rapid decline in patient survival in the PLD group 
during the first 6 postoperative weeks as compared to 
either of the other two patient groups. Overall, the per- 
centage of patients who survived at any point was better 
for those in either the MISC or the ChLD categories 
than it was for those in the PLD group. Of particular 
interest, however, is the fact that after the initial 6 weeks, 
the survival curves for all three groups were essentially 
parallel (Fig. 1). 
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Pretransplant immunological Biochemical and Func- 
tional Evaluation 


The pretransplant values for total lymphocytes and T 
lymphocyte subsets are shown in Table 3 and are com- 
pared with those of normal controls. Through this com- 
parison, all mononuclear subsets were found to be de- 
creased significantly in the liver transplant recipients. 
However, the T; (helper)/Ts (suppressor) ratio was sig- 
nificantly higher in the transplant recipients as com- 
pared to the controls, because of a relatively smaller 
reduction in the number of T, cells as compared to Tg 
cells. These same pretransplant parameters separated 
the types of liver disease (PLD, ChLD, and MISC he- 
patic diseases). These data are shown in Table 4. It is 
apparent from this table that, compared to normal con- 
trols, patients with parenchymal liver disease had simi- 
lar values for their percentage Ts cells and resultant 
T4/Tg ratios. In contrast, their percentage T, cells was 
reduced modestly but significantly (Mean + SEM: 42.5 
+ 1.9 vs. 49 + 1.0; p < 0.05). As expected, their albumin 
and prothrombin time values were lower than those of 
controls, as well as those within the cholestatic or mis- 
cellaneous liver disease groups. 

In contrast, patients with cholestatic liver disease have 
a lower percentage of Ts (Mean + SEM: 16.2% + 1.0 vs. 
24 + 0.6; p < 0.02) and a resultant higher H/S ratio than 
did the controls (Mean + SEM: 3.4 + 0.2 vs. 2.0 + 0.1; p 
< 0.005). Their percentage T, cells was not different 
from that of the controls. 

The per cent retention of ICG at 15 minutes and 
plasma ICG disappearance rates were not different be- 
tween the three liver disease groups, but were markedly 
altered as compared to normal values (Table 4 and 
Fig. 2). 


Relationship Between Survival Groups and the Various 
Assessed Immunologic, Biochemical and Functional Pa- 
rameters Obtained before Surgery 


Preoperative levels for T,/Ts, percentage of Ts cells, 
percentage of T, cells, bilirubin, albumin, prothrombin 
time, percentage of ICG retained at 15 minutes, and 
plasma ICG disappearance rate (k) in patients who did 
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Fic. 1. Percentage of survival in relation to the final diagnosis liver 
disease. 


not survive 12 weeks (n = 24) and those who did survive 
after 12 weeks (n = 70) are shown in Table 5. 

None of these parameters was significantly different 
between the two groups. The ICG disappearance curves 
for these two groups of patients is shown in Figure 2 and 
is compared to that of normal controls. 

Using analysis of variance, the same parameters were 
evaluated in the five survival groups. Again, there were 
no statistically significant differences between the differ- 
ent survival groups. 

The degree of HLA-A and B (Class I), HLA-DR (Class 
II) and combined HLA-AB + DR antigen matches for 
each of the five different survival groups is shown in 
Table VI and Figure 3. No significant relationship was 
seen between the number of HLA matches and patient 
survival. In fact, what was noted was the marked lack of 
any agreement between the donors and recipients for 
either Class I or Class IJ antigens. Specifically, a rather 
low number of matches was observed; for example, a 
mean of 1.3, 0.9, 2.0, 1.3, and 1.3 HLA-A and B + DR 
matches out of a maximum of six possible matches, 
respectively, was seen in Groups A through E. 

Interestingly, no correlation was obtained between the 
number of HLA matches and the number of rejection 
episodes experienced. Furthermore, no correlation was 


TABLE 3. Pretransplant Values (Mean + SEM) of Lymphocytes, T Cells (F3), Helper Cells (T4), Suppressor Cells (Ts), 
and the T/T; Ratio in the 98 Transplant Patients Studied 


Lymphocytes Ts 
Number Percent Number Percent 
Patients 1015 + 75 17.34 1.0 642 + 54 61.9 + 1.8 
(n = 98) 
Controls 1539+ 51 25.2 + 1.0 1174 + 49 67 0.7 
(n = 100) 
p value <0.005 <0.005 <0.005 <0.05 


Ts Ts 
T4; Ts 
Number Percent Number Percent Ratio 
456 + 39.5 444+ 1.4 172 + 15.5 17.2 +0.8 3.0+ 090.1 
795 + 28 49 +1.0 397 +15 24 +06 2.0+0.1 
<0.005 <0.05 <0.005 <0.005 <0.005 
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TABLE 4. Pretransplant Values (Mean + SEM) of Lymphocytes, % T; Cells, % T Cells, % Ts Cells, T/T Albumin, PT, 15 Min % ICG 
Retention (X,) and ICG Disappearance Rate {K} According to Underlying Liver Disease in the Patients Studied 


Number of Albumin PT X; 
Patients Tor %T3 PT4 %Ts Ts /Ts (2%) (%) (%) k min” 
PLD 43 17.84 1.7 606425 42.5+1.9¢ 23.6 +23.2 2.5 + 0.2 27+0.1¢ 74.0242.2¢ 51.942.7 0.012+0 
ChLD 45 16.2 +1 64642.6 47.4+2.1 16.2+1.0*f 3.440.2** 3.3+0.1* 860+1.9% 47442.7 0.013+0 
MISC 10 20.8 + 4 54.9+6.3 38.6244 15.6 2.1 2.8 + 0.3 3.0+0.1 79.0+5 36.2+8.7 0.02 +0 
Controls 100+ 25.2 + 1.0 67.0+0.7 490410 240+0.6 2.0+0.1 Fe ee oa a >85 <5 0.18 +0 


* Statistically different (at least p < 0.05) from PLD. 
+ Statistically different (at least p < 0.05) from controls. 
t 100 control patients were studied for comparison of the immuno- 


obtained between the number of lymphocytes or the 
number of various lymphocyte subsets and the number 
of rejection episodes experienced, the last hospitaliza- 
tion dosage of CyA and prednisone, the last follow-up 
dosage of CyA and prednisone or the duration of hospi- 
talization. Moreover, the number of rejection episodes 
did not differ between the various survival groups 
(Mean + SEM: | + 0.4 in Group A; 1 + 0.4 in Group B; 
0.3 + 0.3 in Group C; 1.7 + 0.3 in Group D; 1.2 + 0.2 in 
Group E). | 


Discussion 


In this study, we tried to identify the pretransplanta- 
tion-obtained immunological, biochemical and func- 
tional parameters the might be of help in predicting the 
ultimate outcome of the procedure. Only those parame- 
ters that could be obtained as part of a systematic rou- 
tine pretransplant work-up were considered for evalua- 
tion. It has been shown that patients with hepatic failure 
due to any cause severe enough to warrant liver trans- 
plantation have abnormalities in the number and per- 
centage of cells in each of the various mononuclear cell 
subsets. As far as cellular immunity parameters are con- 
cerned, patients with ChLD as compared to normal 
controls and patients with PLD have significantly higher 
pretransplant helper-suppressor ratios, primarily be- 
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Fic. 2. Log plasma percentage ICG retention in relation to time in 
normal subjects (n = 5) as compared to patients who survive (n = 70) 
and those who do not survive (n = 24) transplantation. 


logical parameters; usual normal values for albumin and PT were 
considered. Results from five normal subjects without hepatic dys- 
function were used for the ICG clearance studies. 


cause of a relative reduction in the number of their Tg 
(suppressor) cells. Moreover, patients with PLD have 
normal helper/suppressor ratios, but also have a modest 
reduction in the percentage of T, (helper) cells. These 
facts confirm earlier data®~’ that suggest that primary 
biliary cirrhosis and sclerosing cholangitis behave like 
other autoimmune diseases and have an increased 
helper-suppressor cell ratio. It is presumed, although not 
established, that this occurs because the Ts cells leave 
the vascular compartment to colonize the liver and ac- 
cumulate and exert their effects at the site of their target 
antigens within the liver.® 

Biochemically, the patients with PLD considered for 
transplantation present with lower albumin and more 
abnormal prothrombin times as compared to patients 
with ChLD. On the other hand, hepatic function as de- 
termined by indocyanine green clearance did not differ 
between the two groups. Patients with ChLD had a bet- 
ter survival rate than did patients with PLD. Their 6- 
week, 8-week, and l-year survival figures of patients 
with ChLD are 93%, 82%, and 73%, respectively—in 
contrast with those of patients with PLD who have sur- 
vivals of 77%, 65%, and 57% at these same respective 
time points. It is also evident from our data that this 
difference is caused principally by an increased number 
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FIG. 3. Comparison between survival groups and degree of pretrans- 
plant HLA matches with donor (mean + SEM) (n = 82). 
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of postoperative deaths occurring in patients with PLD 
within the first 6 postoperative weeks. 

Overall, mortality in the present series was 27% (27 of 
98 patients), most of which occurred during the first 12 
postoperative weeks. It should also be emphasized that 
among the Group A patients (those dying within 6 
weeks of operation), twice as many patients had PLD as 
had ChLD, whereas a ratio of less than one was present 
in the four other survival groups. Moreover, bacterial, 
and fungal sepsis were the two major causes of death in 
the Group A patients. 

It is not unreasonable to think that the mechanisms 
responsible for protecting the individual against bacte- 
rial infection that are particularly deficient in patients 
with advanced PLD as compared to CLD normalize 
with the successful engraftment of a functioning liver. 

However, as graft dysfunction frequently persists, at 
least to some degree, during the first 2 postoperative 
weeks, it is also probable that any pre-existing abnor- 
mality in host defense mechanisms will persist or be- 
come even less effective for a short period after OLTx, 
thereby rendering the patient even more susceptible to 
bacterial and/or fungal sepsis. Because it has been 
shown to influence cellular immune response mecha- 
nisms,”!° poor nutrition could also be implicated and 
could aggravate a pre-existing reduction in helper cell 
function present in liver transplant patients, occurring 
as a consequence of either their primary hepatic disease 
or the immunosuppression therapy that they require. 

The fact that a reduced serum albumin level is related 
to greater blood losses experienced during the first phase 
(dissection) of OLTx procedure’! and that the preopera- 
tive coagulation profile is more severely altered in pa- 
tients with PLD than it is in patients with ChLD,'? is 
consistent also with the observation of a greater postop- 
erative mortality in patients with parenchymal liver dis- 
ease than those with cholestatic liver disease. It remains 
to be shown however that the preoperative correction of 
preexisting nutritional abnormalities present in PLD pa- 
tients improves the survival of these patients following 
OLTx. | 

Unfortunately, immunological biochemical and 
functional parameters of liver function obtained before 
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TABLE 5. Comparison Between 12-Week Nonsurvivors and 12-Week 
Survivors in Terms of Pretransplant Values of T;/T3, % T4 Cells, 
% T8 Cells, Bilirubin, Albumin, PT, % ICG Retention (X), and 
ICG Disappearance Rate (k) (Mean + SEM) 


12-Week 12-Week 
Nonsurvivors Survivors p 

(n = 24) (n = 70) Value 
T4/Ts 2.6 +03 3.0 +0.2 NS 
% T, cells 44.4 +22 43.9 + 1.6 NS 
% Ts cells 20.0 +1.8 16.6 +08 NS 
Bilirubin (mg/dl) 12.2 +3.0 12.3 +40 NS 
Albumin (g/d!) 2.85 +0.12 3.0 +0.07 NS 
PT (%) 7160 +2.0 820 +20 NS 
X, (%) 50.8 +3.5 473 +2.5 NS 
k (min7!) 0.012 + 0.002 0.013 + 0.0008 NS 


NS = no significant difference. 


surgery do not appear to help substantially in predicting 
survival after OLTx. When comparing patients who 
survive for greater than 12 weeks (those in Groups D 
and E) with the patients who survive less than 12 weeks 
(those in Groups A and B), no differences in the levels of 
albumin, bilirubin, prothrombin time, T,/Ts: ratio, per- 
centage of T, cells, percentage of T; cells, and the plasma 
ICG disappearance rate were evident. However, it 
should be pointed out that the deaths that occurred after 
the initial 6 weeks occurred primarily as a result of a 
viral or protozoal infection and are, most likely, a con- 
sequence of the immunosuppression used, rather than a 
consequence of some pre-existing biological or immu- 
nological variable determined before surgery that may 
exist in the study population. 

However, despite how dissatisfying the present data 
are, they do identify parameters that do not appear to be 
involved in determining survival after OLTx—that is, 
the number of rejection episodes and/or the number of 
HLA mismatches. This is true despite the fact that it is 
generally held that the HLA antigens of Class I (A, B) 
and Class II (DR) loci are thought to be strong trans- 
plantation antigens and to play an important role in the 
initiation of the rejection process. 

A recent publication on more than 8000 kidney 
transplant procedures collected from all over the world 
documents the relationship between survival and the 


TABLE 6. Comparison Between Survival Groups and Degree of Pretransplant HLA Matches with Donor (Mean + SEM) (n = 82) 


Group A Group B 
(n = 10) (n= 11) 
HLA-AB 
(perfect match = 4.0) 0.9 + 0.3 0.6 + 0.2 
HLA-DR ` 
(perfect match = 2.0) 0.4+0.1 0.3+0.2 
HLA-AB + DR 
(perfect match = 6.0) 13+ 0.4 0.9 + 0.3 


Group C Group D Group E 
(n = 3) (n = 27) (n = 21) 
1.3 + 0.3 12 +0,2 0.9 + 0.2 
0.7 + 0.3 0.15 0.1 0.5+0.1 
2.0 + 0.5 1.3 0.2 1.3 + 0.2 
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degree of HLA matching in kidney transplantation.” 
Certainly it is possible that the smaller number of OLTx 
cases studied and the deliberate failure to search for the 
best possible match in liver transplant cases are impor- 
tant elements that contribute to the differences observed 
between kidney and liver transplantation data relative to 
this issue. 

Considering all of the data available, the present study 
highlights the overall good results experienced with 
OLTx for end-stage liver disease and contributes to the 
growing confidence in pursuing liver transplantation as 
the treatment of choice for a variety of liver diseases with 
irreversible advanced hepatic failure. 
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Nonpalpable Breast Lesions At Biopsy 
A. Detailed Analysis of Radiographic Features 
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Several studies have demonstrated that mammographic 
screening of asymptomatic women results in a lower mortality 
rate where breast cancer is concerned. Often, screening mam- 
mograms reveal a nonpalpable radiographic abnormality and 
the diagnosis must be determined by an excisional biopsy after 
radiographic needle localization. The mammographic features 
associated with 179 nonpalpable breast abnormalities biopsied 
after radiographic needle localization were carefully character- 
ized. There were 41 carcinomas (23%) in the series. The aim of 
this study was to determine which radiographic findings, if any, 
strongly portend the presence of either a malignant or benign 
lesion. Mammographic features that were commonly asso- 
ciated with malignancy include a change from a previous 
mammogram, a distortion of the surrounding architecture, the 
association of a soft tissue density and calcifications, and the 
presence of more than ten calcifications in the lesion. The 
radiographic abnormalities which were more commonly asso- 
ciated with benign disease include well-defined densities with- 
out calcifications, asymmetric densities without calcifications, 
and abnormalities consisting solely of a focus of mammogra- 
phic calcifications that have fewer than ten concretions. The 
incidence of malignancy in lesions having these mammogra- 
phic characteristics was only 5.5%. On the basis of these re- 
sults alone, no firm threshold for biopsy can be recommended. 
The risks of deferring biopsy until there is worsening of the 
mammographic image remains to be determined. 


nosed solid tumor among women in the United 

States, and ranks second in deaths due to 
cancer.' The studies performed by the Health Insurance 
Plan of Greater New York demonstrate that mammo- 
graphic screening of asymptomatic women coupled with 
physical examination reduces the rate of women who 
die of breast cancer.”? This study, initiated in 1963, re- 
ported a 23% reduction in cancer-related deaths for the 
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screened group relative to the control population. The 
improved diagnostic accuracy obtained by the use of 
mammography was established by the Breast Cancer 
Detection Demonstration Project (BCDDP). Here, 
mammography alone was responsible for the recom- 
mendation of biopsy in 44% of the cancers, and these 
patients had the lowest frequency of involved axillary 
lymph nodes.* Because of the improved prognosis of 
breast cancer detected at an early stage, the American 
Cancer Society has recommended frequent screening 
mammograms for women over 40 years old.° 

As a result of the widespread application of mammog- 
raphy, clinicians are frequently faced with an asympto- 
matic patient who has a suspicious finding on her mam- 
mogram but who exhibits no mass or other physical 
evidence of breast cancer. Increasingly, these patients 
undergo a mammographically placed needle-directed 
biopsy of the suspicious region for a histologic diagnosis. 
Recent studies from several institutions found cancer in 
these nonpalpable mammographic lesions with fre- 
quencies ranging from 14 to 29%. Thus, mammography 
in the absence of physical findings is a sensitive but 
relatively nonspecific test for the detection of breast 
cancer. We and others have seen a marked increase in 
the number of women who undergo needle-directed 
biopsies, and the number of procedures is likely to in- 
crease further as the practice of routine screening mam- 
mography becomes more widespread. 

The aim of this study was to determine mammogra- 
phic characteristics providing increased diagnostic spec- 
ificity, in order that needle-directed biopsies may be ap- 
plied more selectively. The study used predefined mam- 
mographic criteria in a blind retrospective review of all 
preoperative mammograms obtained over a 2-year pe- 
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TABLE 1. Mammographic Characteristics 


Soft: Tissue Lesions 


Type |. 
Mass 
Asymmetric density 
Architectural distortion 
Definition (mass only) 
Stellate 
Irregular 
Well-defined 
Size 
Arithmetic average of two dimensions in millimeters 


Calcifications 


Size 

Fine (<0.4 mm) 

Medium (0.4-0.9 mm) 

Coarse (>0.9 mm) 
Number 

<5 

5-10 

>10 
Distribution 

Distance of scatter in millimeters 
Shape 

Regular 

Irregular 

Pieomorphic 

Linear, branched castings 


Each mammogram was reviewed by a radiologist who was blind to 
the final diagnosis. The radiologic soft tissue lesions and calcifications 
were characterized by the above criteria. 


riod. A separate blind review of all operative pathology 
was done in parallel, and mammographic characteristics 
were then compared to pathologic findings. 


Methods and Materials 


Between June 1984 and July 1986, 178 women un- 
derwent needle-guided biopsy of clinically inapparent 
breast lesions at the Duke University Medical Center. 
The mammograms of seven patients were unavailable 
for review and the pathology slides of another three pa- 
tients were likewise unavailable. This study concerns the 
remaining 168 patients, who underwent 179 biopsies. 

Under mammographic guidance by standard 
methods a hook wire was placed in each patient by a 
radiologist. The patient was then taken to the operating 
room where the excisional biopsy was performed either 
under general or local anesthesia. A specimen radio- 
graph was obtained when the biopsy was performed for 
suspicious calcifications. The surgical procedure was 
continued until it was determined radiographically that 
the suspicious region was adequately excised. 

The mammograms were performed by either the 
film-screen method (n = 55) or by xeroradiography (n 
= 124). Standard craniocaudal and mediolateral views 
were taken. Because of our referral patterns, 44 patients 
who arrived had had mammograms performed at other 
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institutions. In 27 patients, the only films available for 
review were two views taken to confirm proper wire 
placement before the biopsy. 

Approximately 70% of the films were examined by 
two radiologists who viewed the films together and 
agreed on the interpretation. The balance was read by 
each radiologist individually; in this subset, very little 
interobserver variability was seen. Each film was exam- 
ined with a magnifying glass to ensure that no calcifica- 
tions were missed. Finally, approximately 25% of the 
films were reinterpreted at a later time by one of the 
radiologists, in order to determine intraobserver vari- 
ability. This was found to be minimal. 

The spectrum of suspicious mammographic findings 
consisted of soft tissue abnormalities, suspicious pat- 
terns of calcifications, or a combination of both. Mam- 
mograms were reviewed using a check-list of predeter- 
mined characteristics, presented in Table 1. A mass was 
defined as a region of increased density with a distinct 
edge that would make it distinguishable from the sur- 
rounding breast tissue on both the craniocaudal and 
mediolateral views. An asymmetric density was defined 
as a region of increased density without a distinct edge, 
making it difficult to distinguish from the surrounding 
tissue, but which was clearly denser than the corre- 
sponding region of the contralateral breast. Finally, an 
architectural distortion in the absence of a discrete den- 
sity was defined as a discontinuity, or a tenting, of the 
surrounding parenchymal features, when compared 
with the rest of the breast or to the contralateral breast. 

The mass lesions were categorized as well-defined, ir- 
regularly defined, or stellate. A well-defined lesion was 
one in which at least 90% of the border of the density 
was clearly distinguished from the surrounding tissue on 
each of the mammographic views. A lesion in which less 
than 90% of the border was clearly distinguishable from 
the surrounding tissues was designated as irregularly de- 
fined. A mass lesion was considered stellate if linear 
structures radiated into the surrounding parenchyma. 

Finally, the least and greatest dimensions of all lesions 
discrete enough to be measured were noted. For the 
purposes of this study, the size of the density was defined 
as the arithmetic mean of those two dimensions. 

If calcifications were present in the suspicious region, 
their distribution, character, and number were noted 
(Table 1). The distribution of the calcifications refers to 
the area over which they were seen on the film. If any 
two calcifications were greater than 1 cm apart, they had 
a scattered pattern; if calcifications were within 1 cm of 
each other, a clustered pattern existed. In all cases, the 
actual distance over which the concretions were distrib- 
uted was measured. The size of the calcifications was 
also characterized. Fine calcifications were those less 
than 0.4 mm in diameter, whereas coarse ones were — 
greater than 0.9 mm. Medium calcifications were be- 
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tween 0.4 and 0.9 mm in size. If more than 20% of the 
calcifications were of a different texture than the rest, 
both categories were checked. The coarse calcifications 
were further characterized by their shape. Note was 
taken if they were either highly irregularly shaped or 
pleomorphic, or if they had a linear or branched appear- 
ance characteristic of intraluminal castings.’ 

Previous films, when available, were compared with 
current films, and any changes in the lesions were noted. 
In accordance with established practice, biopsies were 
generally recommended for any abnormality demon- 
strating advancing radiographic signs—that is, an in- 
crease in size, architectural distortion, or in the number 
of calcifications. 

The microscopic slides from each biopsy specimen 
were reviewed blindly to determine the pathologic diag- 
nosis. In the cases where the diagnosis was questionable, 
or when moderate to severe atypia or hyperplasia was 
present, the slides were reviewed by a second pathologist 
and a final diagnosis was agreed upon. In addition, one 
fifth of the remaining cases were reviewed by the second 
pathologist to ensure consistent pathologic interpreta- 
tion of the specimens. | 

The Yates-corrected chi-squared test or Fisher’s exact 
test was used to determine the statistical significance of 
categorical data. In cases where the mean values of two 
populations were compared, the two-tailed T test was 
used to determine significance. Statistical significance 
was defined at the p = 0.05 level. 


Results 
Pathology 


Data from 179 needle-directed breast biopsies per- 
formed in 168 women for suspicious mammographic 
abnormalities were reviewed. In this series, 138 lesions 
were benign and 41 cancers (23%) were identified (Table 
2). Invasive carcinoma was found in 32 of the 41 posi- 
tive needle-directed biopsies (78%). These were infiltrat- 
ing ductal carcinoma (30 biopsies), infiltrating lobular 
carcinoma (1 biopsy) or tubular carcinoma (1 biopsy). 
The remaining 9 biopsies (24%) contained noninvasive 
carcinoma. These were all intraductal carcinoma. There 
were 30 patients who underwent an axillary dissection 
for lymph node evaluation subsequent to the needle-di- 
rected biopsy. Twenty-three patients (77%) had no axil- 


lary metastases. In six patients (20%), there were 1-4 - 


positive nodes, and one patient (3%) had more than four 
positive nodes. The average age of the patients having a 
malignant lesion was 59 years; the average age of the 
women who had a benign lesion was 54 years. These 
were not significantly different; there was also no differ- 
ence in the average ages of the patients having invasive 
versus noninvasive malignancies. 
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TABLE 2. Pathology and Stage at the Time of Diagnosis 


Needle-Directed Biopsies 
(n = 179*) 
Clinical and Pathologic 
Characteristics Number Percentage 

Malignant biopsies 41 23 

Invasive carcinoma 32 18 

Noninvasive carcinoma 9 5 
Axillary dissections 30 

0 Lymph nodes positive 23 77t 


1-4 Lymph nodes positive 6 

>4 Lymph nodes positive 1 
Total having positive nodes 7 23 
Distant metastatic disease 0 
Total metastatic disease 7 


* Total number of biopsies in series. 
t Expressed as a percentage of total axillary dissections. 
+ Expressed as a percentage of positive biopsies. 


Mammographic Features 


The indications for needle-directed biopsy (tabulated 
in Table 3), were suspicious mammographic calcifica- 
tions alone in 60 cases (34%), suspicious mass lesion or 
soft tissue density only in 86 procedures (48%), and the ` 
presence of both calcifications and soft tissue density 
lesion in 33 cases (18%). The isolated presence of mam- 
mographic calcifications was poorly correlated with the 
presence of carcinoma; biopsies for this indication were 
positive in only 13% of the cases. Biopsies for soft tissue 
lesions in the absence of calcification were positive 22% 
of the time, whereas lesions with both calcifications and 
a soft tissue abnormality were indicative of cancer in 
42% of the cases. The presence of both findings was 
significantly more likely to be associated with cancer 
than either calcifications (p = 0.04) or soft tissue lesion 
(p = 0.05) alone. 

The soft tissue lesions seen on the mammograms were 
placed in one of three descriptive categories: a mass, an 
asymmetric density, or an architectural distortion. Al- 
though the first two categories are mutually exclusive, as 
defined in “Methods,” either may exist with an architec- 


TABLE 3. Mammographic Indications and Results of Biopsy 
Biopsies Malignancies 
Indication Number Percentage Number Percentage 


Calcifications only 


(p = 0.04) 60 34 8 13 
Calcifications and 

soft tissue lesion 33 18 14 42 
Soft tissue lesion only 

(p = 0.05) 86 48 19 22 


The radiologic indications for the needle-directed biopsy of mam- 
mographic abnormalities that were clinically inevident and the per- 
centage of positive biopsies in each group. The presence of a soft tissue 
lesion with calcifications was significantly more likely to portend the 
presence of breast carcinoma than either finding alone. 
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TABLE 4. Biopsy Results for Various Mammographic Features. 
Mammographic % 

Feature* Malignant Benign Positive 
Asymmetric densityt 6 25 19 
Architectural distortion J 10 4] 

Masst 20 5i 28 
Mass subtotals 

Stellate 6 2 75 

Irregularly-defined 12 22 35 

Well-defined 2 27 6 
Number of calcifications 

>10 14 27 34 

<10 8 44 15 p = 0,07 
Size of calcifications : oy 

>0.4 mm 13 41 24 

<0.4 mm 9 30 23 p > 0.25 
Distribution of 

calcificationst 
Clustered 9 37 20 
Scattered ` 9 15 38 p= 0.15 


* The radiographic features are considered independently (i.e., le- 
sions having both a soft tissue lesion and calcifications are included 
' twice). : 

+ Lesions not associated with an architectural distortion. 
+ Lesions having more than five calcifications. 


tural distortion. Indeed, it was more common to see an 
architectural distortion with either a mass or an asym- 
_ metric density than by itself. A mass was further charac- 

terized by whether it was well-defined, irregularly de- 
fined, or stellate..The majority of well-defined masses 
were benign, and most of the stellate masses were malig- 
nant. Neither mammographic finding was absolutely 
predictive, however; two of 29 well-defined masses were 
malignant, and two of eight stellate masses were benign 
(Table 4). 

Soft tissue abnormalities classified as asymmetric 
densities were malignant in 19% of the cases. This was 
not significantly different than the 28% incidence of ma- 
lignancy in the lesions classified as masses. The addition 
of architectural distortion tended to increase the likeli- 
hood of an underlying malignancy in these lesions. 
Seven of 17 abnormalities (41%) containing an architec- 
tural distortion, excluding frankly stellate masses, con- 
` tained cancer. However, the difference did not-attain 
statistical significance in this study (p = 0.06). 

Finally, the size of the lesion was determined to be the 
arithmetic average of the longest and shortest dimen- 
sions measured from the film. There was no difference 
in size between the benign and malignant lesions, both 
averaging 14 mm. In addition, the invasive and nonin- 
vasive carcinomas did not differ with regard to their size 
on the mammogram. l 

Mammographic calcifications are considered a hall- 
mark of malignancy. In the current study, calcifica- 
tions were present in 93 mammograms, either with or 
without an associated soft tissue lesion. ‘Overall, 22 
(24%) were positive for malignancy, which represents 
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just over half (54%) of all positive biopsies. Calcifica- 


~ tions were further characterized by their texture, num- 


ber, and area of distribution, as described in “Methods.” 
As shown in Table 4, neither the texture nor shape of the 
calcifications could improve the prediction of cancer. 
Definition of calcifications as being fine, medium, or 
coarse failed to uncover a subgroup more significantly 
associated with any particular pathologic diagnosis. 
However, lesions having large, solitary concretions are 


- generally recognized as benign, and were not usually 


biopsied. Furthermore, there was no improvement in 
the ability to predict the presence of cancer when the 
analysis was limited to calcifications that were clustered. 
A malignancy was found in 20% of the lesions associated 
with the mammographic finding of five or more concre- 
tions located within a distance of | cm. This did not 
differ significantly from the frequency of finding cancer 
in association with other patterns of mammographic 
calcifications (p = 0.15), and the predictive ability was 
not improved if analysis was limited to clusters less than 
5 mm in size. 

Most of the particles large enough to suggest a shape 
were irregular or pleomorphic. There were only three 
cases where many calcifications were seen that were 
small, linear, and branching, suggestive of intraluminal 
castings. It has been previously reported that such a find- 
ing may be indicative of intraductal necrosis from carci- 
noma.'! We found cancer in two of three biopsies per- 
formed for this mammographic finding. 

Using the actual number of calcifications seen on the 
mammogram was of more assistance. For this analysis, 
the biopsied lesions were placed in one of three groups, 
according to whether there were fewer than five, be- 
tween five and ten (inclusively), and more than ten cal- 
cifications visible on the mammogram. Although malig- 
nant lesions tended to have more than ten calcifications 
more frequently than benign lesions, this fell short of 
achieving: statistical significance (p = 0.07). When 
mammographic calcifications were present, there were 
fewer than five calcifications noted in four of the cancer- 
ous lesions (10%), which was not significantly different 
from the frequency of finding as few calcifications in 
benign lesions (14%). In each of the four positive biop- 
sies, however, the mammographic calcifications were 
associated with either an irregular or stellate mass. The 
mammographic finding of a cluster of calcifications 
with fewer than five particles has previously been shown 
to be malignant only rarely if there was no associated 
soft tissue lesion.®!? Such lesions are rarely biopsied. 

Radiographic abnormalities that exhibit a change 
from a previous Mammogram cause more suspicion of 
malignancy. There were 38 biopsies performed in pa- 
tients who had had previous Duke mammograms per- 
formed at least several months before the abnormal 
mammograms for which the biopsy was recommended. — 
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On review of these films, 25 were noted to have changed 
since the previous study. Ten of these biopsies (40%) 
were positive for malignancy. Only one of the 13 biop- 
sies was positive in the group of patients for whom the 
mammograms were known to be unchanged since the 
previous exam. Since a biopsy was less likely to be per- 
formed if the mammogram was known to be un- 
changed, no firm conclusions can be drawn from these 
data. If there was a known change, however, there was a 
higher likelihood of carcinoma. 


Soft Tissue Lesions Alone, Calcifications Alone, and Soft 
Tissue Lesions With Calcifications Considered Sepa- 
rately 


The specific radiologic features that are associated 
with malignancy are best evaluated by considering the 
three mammographic groups separately. Analysis of the 
lesions that consisted of mammographic calcifications 
without a concomitant soft tissue lesion reveals that the 
only feature which varies significantly between the be- 
nign and malignant groups is the number of calcifica- 
tions seen. There were 60 biopsies in the group, 31 of 
which had ten or fewer calcifications on the mammo- 
gram. Only one of these 3! biopsies was positive for 
malignancy. By contrast, seven of 29 biopsies uncovered 
malignancy in the group having more than ten mam- 
mographic calcifications (p = 0.02). When the benign 
and malignant groups were compared, there was no sig- 
nificant difference with regard to the size or clustering of 
the calcifications. 

Biopsies performed for soft tissue lesions without the 
presence of calcifications were positive for cancer in 22% 
of the cases. However, only one of 23 (4.3%) masses 
judged to be well-defined were malignant. This is signifi- 
cantly lower than the cancer rate for the balance of this 
group, which includes the irregularly defined masses, 
stellate masses, asymmetric densities and architectural 
distortions (p = 0.04). Similarly, only two of 20 solitary 
asymmetric densities were malignant, but this difference 
failed to reach statistical significance when compared to 
the rest of the group. 

The mammographic features associated with the 
group of biopsies that had both calcifications and a soft 
tissue lesion were also analyzed. In this group, the over- 
all incidence of malignancy was high (42%), and none of 
the particular mammographic descriptors of soft tissue 
lesions or calcifications significantly increased predic- 
tive power. 


Discussion 


Our aim in this study was to ascertain which mam- 
mographic findings are either rarely or frequently asso- 
ciated with breast cancer. We have evaluated a large 
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series of mammographically placed needle-directed 
biopsies. All of the mammograms and pathology slides 
were reviewed in a blind fashion, with the radiologic 
images carefully characterized. A number of radiologic 
features have been identified which are helpful in esti- 
mating the risk of cancer in nonpalpable breast abnor- 
malities. 

The radiographic indications for breast biopsy include 
a soft tissue lesion without calcifications, a soft tissue 
lesion with calcifications, and a focus of calcifications 
without an associated soft tissue lesion. When these 
three groups were considered together, there were no 
radiographic features which were significantly predictive 
of either cancer or benign disease (Table 4). However, if 
the three groups are considered separately, some impor- 
tant findings become evident. 

The greatest diagnostic accuracy of the mammogra- 
phic examination of nonpalpable breast lesions is in 
those lesions that have no calcifications; the radio- 
graphic images in this group may be most easily classed 
as either benign or malignant. The characteristic causing 
the most suspicion and which portends the presence of 
malignancy is the presence of an architectural distor- 
tion. This may occur either as a frankly stellate mass or 
as a more subtle tethering of adjacent breast structures 
and in association with less well-defined mass lesions. In 
addition, irregularly defined masses are more likely to pe 
associated with malignancy than well-circumscribed 
masses. The vast majority of well-defined masses not 
having mammographic calcifications are benign. In our 
series, there was only one malignant diagnosis out of 23 
such lesions. Finally, if the mammographic density 
causing suspicion was not clearly seen on all of the 
views, there was a low likelihood of cancer’s being 
present. In this study, such lesions were called asymmet- 
ric densities, and only two of 19 biopsies were positive. 

Our subjective estimations of the likelihood that the 
biopsies would be positive were least accurate in the 
group of patients having calcifications without an asso- 
clated mass. We were unable to discern a particular 
shape or pattern of mammographic calcifications which 
would reliably place lesions in either the benign or ma- 
lignant category. We did, however, find that malignant 
lesions tended to have more radiographic calcifications 
than benign lesions. In the 31 lesions in which fewer 
than ten calcifications were seen, there was only one 
malignancy. This is consistent with the previous reports 
in which it has been stated that lesions having fewer than 
five clustered calcifications are virtually always be- 
nign.®:'* However, when a soft tissue lesion was asso- 
ciated with calcifications, their actual number was less 
important. The incidence of carcinoma in cases of soft 
tissue lesions with calcifications becomes 42%, and half 
of the 14 malignancies in this group had fewer than ten 
mammographic calcifications. 
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TABLE 5. The Mammographic Features of Clinically Occult Breast 
Abnormalities that are Associated with an Increased 
Likelihood of Malignancy 


1. Curvilinear and branched calcifications. 
2. Change from previous mammogram. 

3. Soft tissue lesion with calcifications. 

4. Focus with greater than ten calcifications, 
5. Architectural distortion. 





In this study of the mammographic features of clini- 
cally inapparent breast abnormalities, several findings 
that are particularly associated with cancer were found. 
First, it has been reported that the presence of small, 
curvilinear and branched calcifications reminiscent of 
intraductal castings is an important clue in indicating 
cancer.'! In this series, this finding was rare, but was 
positive in two of three cases. In addition, lesions that 
are known to exhibit a change in their radiographic ap- 
pearance from a previous mammogram have a high 
likelihood of being malignant. We believe that lesions 
demonstrating these findings should be biopsied. Also, 
since mammographic abnormalities having both calcifi- 
cations and a soft tissue lesion were positive for cancer 
in 42% of the cases, they should be biopsied, as should 
lesions that are associated with a distortion of the sur- 
rounding architecture. Table 5 presents a list of radio- 
graphic findings, that are particularly associated with 
malignancy, discovered in this study or by others. 

Another aspect of this study was to define, when pos- 
sible, a subset of mammographic abnormalities that 
have a low likelihood of being malignant. It 1s widely 
acknowledged that mammographic-directed biopsy is a 
time consuming, difficult, and expensive procedure. 
` The point at which risk of cancer for certain mammo- 
graphic patterns is sufficiently low to recommend defer- 
` ral of biopsy has not been established in this study and 
should be a goal for future work. However, there are 
several mammographic characteristics which are signifi- 
cantly more likely to be benign than malignant. These 
features include well-defined masses and asymmetric 
densities, if there are no calcifications present, and 
where there is no associated soft tissue lesion, lesions 
having fewer than ten calcifications. 

In the present series, although there were 73 biopsies 
performed for mammographic abnormalities having 
these characteristics, only four (5.5%) were positive for 
cancer. The most conservative method of analyzing 
these data was to calculate the number of positive biop- 
sies for an acceptable confidence interval. Analysis of 
the binomial probabilities of this group reveals that the 
95% confidence interval for the number of malignancies 
ranged from 0 to 7. The upper limit of this interval 
corresponds to a positive biopsy rate of 10% (seven of 73 
cases), which means that there 1s a 95% probability that 
fewer than one tenth of the biopsies for these radio- 
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graphic indications would be positive. This may be an 
unacceptable rate for many surgeons, and it is difficult 
to make definite recommendations for biopsy based on 
these data. 

Rather, we believe our results indicate that the risk of 
delaying biopsy of a suspicious radiographic finding 
needs to be determined. Although the metastatic poten- 
tial of a noninvasive or “minimal” breast cancer is- 
small, the pivotal issue is whether these lesions can be 
safely followed when they present as equivocal mam- 
mographic findings only. Furthermore, there are strong 
medical and legal considerations that influence clinical 
decision-making. Perhaps prospective studies of patients 


‘presenting with low risk radiographic findings can be 


designed to determine the safety of following certain 


mammographic findings. 


Although not addressed in the current study, simple 
techniques are available that may increase the sensitivity 
and specificity of conventional mammograms. These 
include the liberal use of compression views to resolve 
density lesions, magnification to enumerate calcifica- 
tions and examine density effects, and directed breast 
ultrasonography to exclude simple cysts from biopsy. 
Experience with the use of these simple adjuncts may 
increase the specificity of the mammogram without de- 
creasing its sensitivity and may result in a more precise 
use of the biopsy. 
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” Risk Factors for Postoperative Pneumonia 


The Importance of Protein Depletion 


r 
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Pulmonary complications remain the most important cause of 

postoperative morbidity and mortality. The many advances of 

modern surgical care over the last 30 years have not apprecia- 

bly altered the incidence of these complications. Many risk 
factors have been shown to contribute to this problem, but no 
. studies have examined the impact of preoperative protein de- 
pletion on respiratory function and related this to the develop- 
ment of postoperative pulmonary complications. 80 patients 
(42 men, 38 women, median age of 64 years, with a range of 
15-91 years) awaiting major elective gastrointestinal (G.I.) 
surgery were divided into.two categories on the basis of a direct 
_ measurement of protein depletion: nonprotein-depleted pa- 
tients (n = 41, mean protein loss, 2% + 1.7 SEM) and protein- 
depleted patients (n = 39, mean protein loss, 36% + 3.5 SEM). 
There was no significant difference between these two catego- 
ries in regard to age, height, sex, surgical diagnosis, the pres- 
ence of chronic lung disease, smoking, proportion of upper 


abdominal incisions, degree of obesity, the duration of anesthe- -. 


sia, and the use of prophylactic antibiotics and physiotherapy. 
There was a significant difference between these two catego- 
ries of patients in regard to respiratory muscle strength (p 
< .025), vital capacity (p < .05), and peak expiratory flow rate 
(p < .005). Pneumonia developed in a significantly higher pro- 


portion of protein-depleted patients with atelectasis (p < .05), 


and their stay in the-hospital after surgery was longer (p 
< .05). These data show that protein depletion is associated 
with an impairment of respiratory function, and is in itself a 
significant risk factor in the development of postoperative 
pneumonia. 


ESPITE THE MANY ADVANCES in anesthetic 

D and surgical techniques, the incidence of post- 

operative pneumonia has not changed appre- 

ciably over the past 30 years!; it remains the most im- 

‘portant cause of morbidity and mortality after major 
abdominal surgery.*? Although many risk factors for 

„postoperative pulmonary complications have been 


identified,'** preoperative protein depletion has not 
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been seriously examined.’ Protein depletion is common 
in general surgical patients,® is associated with impair- 
ment of a wide range of physiologic functions (including 
respiratory function),?-'? and results in a higher inci- 
dence of postoperative complications and a longer hos- 
pital stay.'*-'* In a prospective series of patients, we have 
examined the effect of preoperative protein depletion on 
respiratory function and its role as a risk factor of post- 
operative pulmonary complications. l 


Z 


Methods 


Over a 15-month period, all adult patients presenting- 
to the Department of Surgery at Auckland Hospital for 
elective surgical procedures in which a major resection 
of some part of the gastrointestinal (G.I.) tract was 
planned and who were not septic or immunocompro- 
mised and for whom preoperative intravenous (I.V.) 
nutrition was not considered essential were asked if they 
would be willing to take part in this study. On the day 
before surgery, 80 patients (42 men, 38 women, median 
age of 64 years, with a range of 15-91 years) were clini- 
cally assessed to identify risk factors for postoperative 
pulmonary complications, measurements of body com- 
position, and respiratory function. Their clinical course 
was carefully monitoring until discharge. This study was 
carried out with the consent of the Auckland Hospital 
Human Ethical Committee. 


Body Composition Analysis 


Prompt in vivo neutron activation analysis (IVNAA) 
and the tritiated water dilution technique were used to 
measure total body protein (TBP) and total body fat 
(TBF). The protein index,'® a measure of protein de- 
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TABLE 1. The Logistic Regression Analysis of Risk Factors for - 
Postoperative Pneumonia Listed in Order of Relative Importance — 


Partial 
p g ` Regression Standard Chi- 

Risk Factor Coefficient Error Square . p 
Incision site’ ` 2.27 0.94 5.84 0.015 
Protein depletion 5.63 3.89 2.09 0.148 - 
Age 0.03 0.03 . 0.90 0.343 
Operation duration 0.29 0.36 . | 0.66 0.417 
Obesity 1.01 1.65 0.37 0.543 
Smoking 0.39 0.85 0.21 0.645 
(Intercept 1.78 5.28) : 


pletion, is the measured TBP divided by a predicted 


TBP. The predicted TBP was derived from regression 
equations, using the age, height, and sex of a local nor- 
mal population that had had direct measurements of 
TBP. In the same way, a fat index was calculated from 
the measured and predicted TBF of each patient, and is 
used to measure the extent of body fat depletion. The 
patients were ranked on the basis of the protein index 
(PI) and divided into two categories: nonprotein-de- 
pleted patients and protein-depleted patients. Forty-one 
nonprotein depleted ‘patients had a PI > 0.77, and 39 
protein-depleted patients had a PI < 0.77. This cutoff 
value represents 2 standard deviations from the mean of 
a study of normal volunteers using the same neutron 
activation facility. 


- 


a“ 


Respiratory Function Analysis 


“4 


Respiratory muscle strength was assessed by measur- 
ing mouth pressure with a Validyne bidifferential pres- 


sure transducer (Model MP 45) (Validyne Engineering - 
Corp., Northridge, CA) during maximal static inspira- 


tion (MIP) at functional residual lung capacity and dur- 
ing maximal static expiration (MEP) at total lung capac- 
ity.'*!? A respiratory muscle strength index was derived 
as the average of the per cent predicted MIP and MEP. 
These were derived from regression equations based on 
the patient’s age, height, and sex.”°?’ Forced expiratory 
volume in 1 second (FEV,), vital capacity (VC),?* and 
peak expiratory flow rate (PEFR)** were also mea- 
sured and expressed as the percentage of a predicted 
- value that were seperately derived from regression equa- 
tions for FEV,” VC,*°*8 and PEFR.” These gave 


similar results to equations derived from a study of 59° 


- local normal volunteers (unpublished). 


} 


. The Assessment of Risk Factors jor Postoperative Pul- 


monary Complications 


The important risk factors were identified and re- 
corded in the following manner. The incision site 
was recorded as either upper or lower abdominal. Any 
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incision with a portion above the umbilicus was consid- 
ered upper abdominal. The presence of pre-existent 
acute or chronic respiratory disease'* was identified by 
history and confirmed by both examination and mea- 
surement of respiratory function. Patients were classi- 
fied through the measurements of FEV,/VC and per 
cent prédicted VC% as having obstructive, restrictive, 
and combined respiratory disease. Before surgery, pa- 
tients independently assessed by the clinical team as 
having significant respiratory disease were seen by a 
physiotherapist, and received postoperative physiother- 


apy accordingly.*> Patients receiving medication for. 


asthma received nebulized bronchodilator both before 
and after surgery. Smokers!**7° were classified into 
three groups. Heavy smokers were those who had con- 
sumed at least 20 cigarettes per day for 20 years, while 


‘ moderate smokers consumed less than 20 per day for 


less than 20 years. Those patients who had not smoked 
for 10 years, or who only smoked cigars and/or pipe _ 
were grouped with the nonsmokers. The body mass 
index (weight/height”) was used an index of obe- 
sity.'3758 All patients received general anesthetia with an 
endotracheal tube. The duration of anesthetic®*?"" was 
recorded. No patient required postoperative mechanical 
ventilation. A prophylactic antibiotic (second or third 
generation cephalosporin) was used with each patient. 
All patients had postoperative narcotic analgesia on an 
“as required” basis.*! 


-~ 
i 


` Postoperative Course 


Pulmonary complications were classified as either ` 
pneumonia (diagnosed if the patient had a fever higher 
than 38.5 C, purulent sputum, positive blood and/or 


- sputum culture, as well as clinical and/or radiologic evi- 


dence of consolidation that was not present before sur- 
gery,’ or atelectasis (diagnosed if the patient had evi- 
dence of a fever and clinical and radiologic evidence of 
collapse).°> The number of days in hospital and from the 
time of the operation to that of discharge was recorded, 
as were all.deaths that occurred within 14 days of the - 
operation. l 


To determine the significant difference between the 
means of the different measurements, the Student’s t 


~ test was used according to variance equivalence. Cate- 


gorical data in the two patient categories were evaluated 


using the chi-square test with Yates’ correction, unless 


expected values were less than 5, in which case a two- ~ 
tailed modification of the Fisher’s exact test was used.*° 
The risk factors for postoperative pneumonia were ana- 


lyzed by multiple logistic regression analysis (Table 1). 
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Results 


Table 2 shows the demographic data, details of the 
recognized risk factors for postoperative pulmonary 
complications, and the surgical diagnoses for the non- 
protein-depleted and protein-depleted patient catego- 
ries. There is no significant difference between them in 
regard to age, height, sex, or the ratio of benign to malig- 
nant disease. Malignant (G.I.) disease occurred in 66% 
of nonprotein-depleted patients and in 59% of depleted 
patients. There were no significant differences between 
the two patient categories for the recognized risk factors, 
except that, overall, the nonprotein-depleted patients 
were more obese (body mass index, p < .0005) and re- 
ceived anesthesia for a longer period (p < .025). 

Table 3 shows that the two patient categories were 
significantly different in regard to the measurements of 
both body protein and fat depletion. The patients in the 


TABLE 2. The Demographic Data, Known Risk Factors for 
Postoperative Complications, and Surgical Diagnoses for 
Protein-depleted and Nonprotein-depleted Patients 


Nonprotein Protein 
Depleted Depleted 
Patients Patients 
(n = 41) (n = 39) p 
Age 
(years) 58.8 +2.3* 63.7 +25 NS 
(range) 15-78 17-91 
Height (cm) 164.9 +1.5 164.3 +1.3 NS 
Sex (M:F) 22:19 20:19 NS 
Incision site 
Upper abdominal 12 16 NS 
Lower abdominal 29 23 
Respiratory disease 
(No. of patients) 
None 34 33 NS 
Obstructive 
Moderate 5 4 
Severe 0 0 
Restrictive 
Moderate 0 0 
Severe 0 Í 
Combined 
Moderate 2 0 
Severe 0 l 
FEV,/VC 75.4 +19 72.8 +18 NS 
Smokers (No, of patients) 
Light or nonsmokers 25 22 NS 
Moderate 12 15 
Heavy 4 2 
Obesity (body mass index) 2.56 + 0.8 205+ .04 <.0005 
Duration of anesthesia 
(hours) 3.3 +0.2 2.6 +0.2 <.025 
Upper G.I. 
Benign , 6 8 NS 
Malignant 7 8 NS 
Lower G.I. 
Benign 5 4 NS 
Malignant 20 15 NS 
Inflammatory bowel 
disease 3 4 NS 
* Mean + SEM. 


NS = not significant. 
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TABLE 3. The Body Composition and Respiratory Function Data for 
Protein-depieted and Nonprotein-depleted Patients 


Nonprotein Protein 
Depleted Depleted 
Patients Patients 
(n = 41) (n = 39) p 
Body composition data 
Measured TBP (kg) 9.67 + .49* 628+ .31 <.0005 
Predicted TBP (kg) 9.82 + .37 9,73 + .33 NS 
Protein index 0.98 + 0.03 0.64 + 0.02 <.0005 
Measured TBF (kg) 17.1 +1.5 134 +12 <.05 
Predicted TBF (kg) ist. .61 16.2 + .67 NS 
Fat Index LI7+0.11 0.88 + 0.13  <.05 
Respiratory function data 


Resp. Muscle Strength 


Index (% predicted) 95.3 +6.9 789 +67 <.025 
FEV, (% predicted) 98.5 +38 89.2 +4.8 NS 
VC (% predicted) 91.2 +25 838 +35 <.05 
PEFR (% predicted) 89.3 +2.7 77.2 +36 <.005 
* Mean + SEM. 


NS = not significant. 


protein-depleted category had lost a mean of 36% of 
body protein, compared with 2% for the nonprotein-de- 


_ pleted patients (p < .0005). Also shown are the measure- 


ments of respiratory function in the two patient catego- 
ries. It can be seen that the protein-depleted patient cate- 
gory underwent a significant reduction in respiratory 
muscle strength (p < .025), vital capacity (p < .05), and 
peak expiratory flow rate (p < .005), although no im- 
pairment was found for the measurement of forced ex- 
piratory volume. 

There was no significant difference in the incidence of 
atelectasis between the two patient categories. It can be 
seen in Table 4 that postoperative atelectasis developed 
in 20 patients in the nonprotein-depleted group; pneu- 
monia developed in three—significantly less (Fisher’s 
exact test: p = 0:048) than in the protein-depleted pa- 
tients; in whom pneumonia developed in eight of 16 
patients. Three deaths occurred in this series, and all 
three were those of protein-depleted patients. Two of 
these deaths were due to pneumonia; the other was 
caused by massive pulmonary embolization. Although 
there was no significant difference in regard to overall 
hospital stay, the protein-depleted patients also had a 
longer stay in hospital after surgery (p < .05). 

Table 1 shows the results of the logistic regression 
analysis of the risk factors of postoperative pneumonia. 
It can be seen that, as a risk factor for postoperative 
pneumonia protein depletion is relatively more impor- 
tant than any of the other risk factor except for incision 
site. 


Discussion 


These data show that surgical patients with preopera- 
tive protein depletion have a significant impairment of 
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TABLE 4, The Details of Postoperative Course for Protein-depleted 
and Nonprotein-depleted Patients 


Nonprotein Protein 
Depleted Depleted 
Patients Patients 
(n = 41) (n = 39) p 
Pneumonia/Atelectasis 3/20 8/16 <.05 
Death 0 3 NS 
Postoperative stay (days) 13.3211" EE Foo ae? a | <.05 
Overall hospital stay (days) 18.8 + 1.3 22.9 + 2.0 NS 


* Mean + SEM. 
NS = not significant. ` 


respiratory function and are at increased risk of develop- 
ing pneumonia (but not atelectasis) after abdominal 
surgery. 

The incidence of postoperative pneumonia has not 
changed significantly over the last three decades.! This 
suggests that the main determinants of postoperative 
pneumonia have been largely unaffected by changes in 
medical and surgical practice. The problem of postoper- 
ative pneumonia remains substantial: depending on the 
rigor of the diagnostic criteria and whether clinical and/ 
or radiologic factors are considered, the incidence of 
pulmonary infections after upper abdominal surgery 
ranges from 5%“ (if the criterion is a retrospective anal- 
ysis of the hospital course done by the surgeon) to 70%% 
(if radiologic criteria alone are used). Most modern sur- 
veys agree on an incidence of postoperative pneumonia 
close to 20%.+468 The overall incidence of pneumonia 
in this study was 13.7%. 


Risk Factors for Postoperative Pulmonary Complica- 
tions 


A review of the literature indicates that the most im- 
portant risk factor of postoperative pulmonary compli- 
cations is the site of incision; the incidence of pneumo- 
nia after operations outside the chest or upper abdomen 
in fit patients is negligible.’ Also, of importance is 
chronic respiratory disease.**4?->! Obesity (greater than 


120 kg),'*” old age (more than 70 years), a history of © 


smoking,‘ an anesthetic lasting longer than 2 hours, and 
a longer preoperative hospital stay’ are also associated 
-= with a greater probability of postoperative pneumonia. 
Men have an incidence two to three times that of 
women,” although in one study, no difference was 
found when correction was made for operative site.' All 
of these recognized risk factors were analyzed in this 
study. Importantly, only two of the risk factors (dura- 
tion of anesthesia and obesity) were significantly differ- 
ent between the two patient categories, and in both 
cases, the effect of this difference was to increase the risk 
of the nonprotein-depleted patients’ sustaining pulmo- 
nary complications. 
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It has been known for more than 50 years that mal- 
nutrition is a risk factor of postoperative pneumonia.” 
Although attempting to reduce the incidence of postop- 
erative pulmonary complications, researchers neverthe- 
less have not addressed the problem of malnutrition. ! 


Protein Depletion and Respiratory Function 


It has been suggested that protein-depleted patients 
are more susceptible to pulmonary complications be- 
cause of an ineffective cough secondary to expiratory 
muscle weakness.!? It is known that malnutrition has 
profound effects on skeletal muscle function,?©**** and 
it is therefore not surprising to find that protein deple- 
tion is associated with an impairment of respiratory 
muscle function. In particular, ‘malnutrition is asso- 
clated with a reduction in diaphragmatic muscular 
mass,” respiratory muscle strength in the remaining 
muscle fibers,!''* and maximum voluntary ventila- 
tion.!? The degree of reduction of VC appears to exceed 
what would be expected on the basis of the degree of 
muscle weakness alone. It has recently been suggested 
that the measurement of VC is the most useful way to 
monitor the evolution of a neuromuscular disease pro- 
cess or the response to treatment, because it reflects both 
the direct (loss of distending pressure) and secondary 
effects (alterations in the elastic properties of the lungs 
and chest wall) of respiratory muscle weakness on lung 
function.”® 

There are also well-documented changes in respira- 
tory function after surgery and anesthesia* involving 
changes in lung volume,°’~*° mechanics,”* gas exchange, 
and patterns of ventilation.? These changes usually re- 
main subclinical, but in protein-depleted patients, they 
are more likely to be significant and promote the pro- 
gression from atelectasis to pneumonia. 


Prevention of Postoperative Pulmonary Complications 


The desire of the surgeon and anesthetist to prevent 
this progression from atelectasis to pneumonia has led 
to three main approaches to reduce the incidence of 
postoperative pulmonary complications. (1) Preopera- 
tive and postoperative management of chronic respira- 
tory disease has included breathing exercises, postural 
drainage,°! physiotherapy with or without intermittent 
positive-pressure breathing,” and incentive spirome- 
try.©* (2) Prophylactic antibiotics have not proved help- 
ful when given to all patients undergoing abdominal 
surgery. They are considered to benefit primarily the 
high risk patient.’ (3) Improving the relief of postopera- 
tive pain by a wide range of techniques has not been 
shown to reduce the incidence of pulmonary complica- 
tions following abdominal surgery.’ 
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Given that protein depletion is a significant risk factor 
of postoperative pulmonary complications, it has been 
largely overlooked, and because it is associated with an 
impairment of respiratory function, it is reasonable to 
suggest that nutritional intervention might be an effec- 
tive means of reducing the incidence of pneumonia in 
some at-risk patients. A recent study has shown, by a 
multiple isotope dilution technique, that TPN 1s able to 
increase both body cell mass and inspiratory muscle 
strength.© 

The present study supports the move towards tests of 
function (dynamic testing) in the assessment of nutri- 
tional status.°* This represents a departure from the 
more traditional, indirect measurements (static testing) 
of nutritional status (such as skinfold thickness, arm 
circumference, plasma proteins, and nutritional indices) 
for the identification of high-risk patients who stand to 
benefit from a course of TPN. Respiratory function 
testing has been used with mixed success in identifying 
patients at increased risk of postoperative pulmonary 
complications.*7°3%48.%.6 In addition, the testing of re- 
spiratory function may provide a practical means of 
monitoring response to nutritional therapy as well. 

In summary, the advances of modern surgical and 
anesthetic care have not had a significant impact on the 
incidence of postoperative pneumonia over the last 30 
years, which remains the most important cause of mor- 
bidity and mortality after abdominal surgery. For more 
than 50 years, we have known that malnutrition is asso- 
ciated with an increased incidence of postoperative 
pneumonia. However, current recommended ap- 
proaches to prophylaxis for postoperative pulmonary 
complications after surgery do not address the problem 
of protein depletion.*:’ If we are to see a further reduc- 
tion in the incidence of postoperative pneumonia, the 
importance of protein depletion as a risk factor will need 
to be more widely recognized. The respiratory muscles 
are the only skeletal muscles vital to life, and the mea- 
surement of the impact of protein depletion on respira- 
tory muscle function is a physiologic approach to mea- 
suring the problem. I.V. nutrition might be viewed as a 
practical means of reducing the incidence of postopera- 
tive pneumonia in patients with detectable impairment 
of respiratory function. It remains to be seen whether 
this impairment can be practically identified in the ward 
setting and whether preoperative nutritional replenish- 
ment can be shown to be cost-effective in reducing the 
incidence of postoperative pulmonary complications. 
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Practical Usefulness of Lymphatic and Connective 
Tissue Clearance for the Carcinoma 


of the Pancreas Head 





OSAMU ISHIKAWA, M.D., HIROAKI OHHIGASHI, M.D., YO SASAKI, M.D., TOSHIYUKI KABUTO, M.D., 
ICHIROH FUKUDA, M.D., HIROSHI FURUKAWA, M.D., SHINGI IMAOKA, M.D., and TAKESHI IWANAGA, M.D. 


We performed a retrospective review of 59 pancreatic resec- 
tions for ductal carcinoma of the pancreas’ head performed 
between 1971 and 1983. In addition to pancreaticoduodenec- 
tomy, 37 consecutive patients (from 1971 to 1981) received 
lymphatic dissection adjacent to the pancreatic head (Group 
R1), whereas another 22 patients (from 1981 to 1983) received 
a wider range of lymphatic and soft tissue dissection, including 
the para-aortic region (Group R2). These groups did not differ 
with regard to operative mortality rate or background factors 


in the patients who tolerated operation. The 3-year cumulative — 


survival rate was 13% in the R1 group vs. 38% in the R2 group 
(p < 0.05). Almost all of the deaths from cancer recurrence 


occurred within 3 years after operation; the cumulative rate of _ 


death from local recurrence decreased from 67 to 16% (p 
< 0.05) at 3 years. Among the patients with nodal involvement, 
there was no 3-year survivor in the R1 group, but four (27%) in 
the R2 group (p < 0.05) survived. Among the patients whose 
tumor size exceeded 4 cm with retroperitoneal invasion, there 
was no 3-year survivor in either group and most patients died 
of distant metastasis. Extended clearance of regional lymph 
= nodes and soft tissue appears to benefit patients with ductal 
carcinoma of the pancreatic head whose tumor size is less than 
4 cm without severe invasion to the retroperitoneal space. 


has risen steadily in Japan and, as in the United 

States, ranks fourth as a cause of cancer mortal- 
ity. Although surgical resection is the only curative mo- 
dality, the results of pancreatoduodenectomy for the 
carcinoma of the pancreas have been disappointing; the 
5-year survival rate has been reported by Monge! to be 
12%, 15% by Tepper et al. and 10% in an analytical 
report by the Japanese pancreatic cancer registry.? Ac- 
counting for such poor results, Tepper et al.? reported 
that at least 50% of the patients who had radical surgery 
developed a local recurrence. Local recurrence has been 
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attributed by some*? to intrapancreatic multifocal 
cancers, and they have recommended total pancreatec- 
tomy. However, our previous report® showed that after a 
Whipple procedure there was no residual cancer in the 
pancreatic remnant at autopsy if the operative specimen 
was negative for cancer cells at the cut margin. Others’* 
have also failed to find any difference in the survival rate 
of patients treated with total pancreatectomy or the 
Whipple procedure. 

Cohen et al.’ showed that patients with nodal involve- 
ment do not survive for 5 years, and in the study of 
Cubilla et al.!? has suggested that the insufficient re- 
gional lymph node clearance of the traditional Whipple 
procedure might account for local recurrence. Also, 
Nagai'! has proposed microscopic cancer infiltration 
within regional lymphatic vessels and nerve and loose 
connective tissue, as another cause of local recurrence. 

Theoretically, the prevention of local recurrence is the 
surgeon’s responsibility. Therefore, in order to improve 
the long-term survival rate, it is a necessary first step to 
decrease local recurrence by eradicating extrapancreatic 
cancer extensions. Beginning in 1981, as an adjunct toa 
routine Whipple operation, we performed extended dis- 
section of the regional or juxta-regional lymph nodes 
together with the neighboring connective tissue. We 
compared these patients with a previous group, who 
received a standard Whipple procedure, in order to de- 
termine if such an extended dissection results in an im- 
proved survival rate and for which cases this operation 
should be recommended. 


Patients and Methods 


Between 1971 and 1983, 59 curative surgical resec- 
tions were performed for ductal carcinoma of the pan- 
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FIG. 1. Schema showing the lymph nodes groups. The lymph nodes at 
the Py, SH, CBD, APD, PPD, IH, and SM, are designated as n{. They 
are depicted as dark shaded areas. Another nodal group consists of the 
lymph nodes at the SB, IB, MC, CHD, CT, and PA. These nodes are 
designated as n2 and they are shown as unshaded areas. 


creas head at the Center for Adult Diseases, Osaka, 
Japan. The patients had not received any anticancer 
therapy before surgery. In addition to pancreaticoduo- 
denectomy or total pancreatectomy, all patients re- 
ceived regional or juxta-regional lymph node clearance 
together with the surrounding connective tissue. 

In the present study, regional and juxta-regional 
lymph nodes were classified into two groups, in accor- 
dance with Cubilla’s classification schema?? and the gen- 
-. eral rules for pancreatic cancer study proposed by the 
Japanese Pancreatic Society’? (Fig. 1). One nodal group 
consisted of the lymph nodes at the pylorus (Py), supe- 
rior head (SH), common bile duct (CBD), anterior pan- 
creaticoduodenal region (APD), posterior pancreatico- 
duodenal region (PPD), inferior head (IH), and superior 
mesenteric vessels (SM). These nodes were resectable en 
bloc within a wide margin of the pancreas head, and 
they are designated as n1 (dark shaded areas in Fig. 1). 
Another nodal group consists of the lymph nodes at the 
superior body (SB), inferior body (IB), mid colic region 
(MC), common hepatic duct (CHD), celiac truncus 
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FIGS. 2A and B. Schemata showing the difference in the ranges of 
lympatic and neighboring connective tissue dissection between (A) R! 
and (B) R2 procedures.In the R2 procedure where n2 nodes are cleared 
with the neighboring connective tissue, the major vessels including 
aorta, inferior vena cava, and renal vessels are skeletonized. 


(CT), and para-aortic region (PA). These nodes are des- 
ignated as n2 (unshaded areas in Fig. 1). 

During the period 1971-1981, lymphatic clearance in 
the first 37 patients was limited to the nl group (R1) 
(Table 1). In the pancreas, the line of resection was on 
the left border of the superior mesenteric vein if the 
preoperative microscopic examination of the cut margin 
was negative for cancer cells (Fig. 2A). In another 22 
patients, during the period 1981-1983, the lymphatic 
and connective tissue clearance was extended to n2(R2) 
(Fig. 2B). If preoperative microscopic examination of 
the cut margin was clear, the line of resection of the 


- pancreas was 1-2 cm outside the left border of the aorta. 


In both groups, a total pancreatectomy was performed 
when cancer cells were detected microscopically at the 
cut surface of the pancreas. Total pancreatectomy was 
performed in seven patients (22%) of the R1 group and 
in 7 patients (33%) of the R2 group; the difference be- 
tween these two incidences (22% vs. 33%) 1s not signifi- 
cant. 

‘The resected specimens were fixed in 10% formalin 
solution, and sliced into 5 mm sections. Histologic sec- 
tions were stained with hematoxylin and eosin. We 
measured the maximum size of the tumor, metastasis in 
the lymph nodes, and whether tumors extended directly 
beyond the posterior confines of the pancreas. The 
maximum tumor sizes were classified into three grades: 


TABLE 1. Operative Procedure and Patients Tolerating Operation 


mee 
’ 


Operative oo 


Procedure No. of 

(Period) - Patients Number 
R1 (1971-1981) 37 32 
R2 (1981~1986) 22 21 


Operative mortality rate is 14% (5/37) in RI procedure and 5% 


` Patients Surviving Operation 


Total 
Men/Women Age Pancreatectomy 
22/10 58.3 + 7.6 7 (22%) 
10/11 59.5 + 9.5 7 (33%) 


(1/22) in R2 procedure. There is no significant difference between 
these two groups. 
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TABLE 2. Tumor Size, Noda! Involvement and Retroperitoneal Invasion in the RI and R2 Groups 

Operative 

Procedures Maximum Size Nodal Involvement Retroperitoneal Invasion 
(No. of ca ol ihc reeling ogee 
patients) tl t2 t3 ni n2 rp(—) rp(+) 
R1 (32) 5 (16%) 23 (72%) 4 (13%) 7 (22%) 25 (78%) — 7 (22%) 25 (78%) 
R2 (21) 4 (19%) 13 (62%) 4 (19%) 5 (24%) 8 (38%) 8* (38%) 4 (19%) 17 (81%) 


Between two groups, there is no significant difference in tumor size, 
nodal involvement, and retroperitoneal invasion. 


0-2 cm (t1), 2.1-4.0 cm (t2) and 4.1-6.0 cm (t3). The 
lymph node involvement was also classified into three 
grades: nO, n1, and n2. In the R1 group, the information 
about n2 was unclear, and thus lymph node involve- 
ment was classified as nO and n1. Retroperitoneal inva- 
sion was classified into two grades on the basis of 
whether tumors extended directly beyond the posterior 
confines of the pancreas [rp(+)] or not [rp(—)]. 

After surgery, all patients were followed by the serial 
determinations of plasma carcinoembryonic antigen 
(CEA), ultrasonograms, and computed tomograms (CT) 
to determine whether and where cancer recurrence de- 
veloped. Twenty patients received postmortem exami- 
nations. The recurrent sites were grossly classified as 
local, distant, or both. Local recurrence is defined as a 
tumor mass around the CT and/or SM. Distant recur- 
rence included hepatic metastasis, pleural, and perito- 
neal dissemination. No other mode of cancer spread 
(recurrence) was observed. 


Results 


Operative deaths were defined as those deaths occur- 
ring within 30 days after operation. Five (14%) operative 
deaths were observed in the R1 group and one (5%) in 
the R2 group (Table 1). There was no significant differ- 
ence in operative mortality rate between these two 
groups. Histologically, among these six patients, there 
was no patient with t1, n0, or rp(—). Thirty-two of the 
patients of the R 1 group survived, and 21 survived of the 
R2 group. The follow-up period was more than 3 years 
for all patients of the R2 group. There was no significant 
difference in sex ratio, age, or the ratio of total pancre- 
atectomy to Whipple procedure between the two 
groups. Table 2 shows the distribution of cases, which 
was based on three factors: maximum tumor size, 
lymph node involvement, and retroperitoneal invasion. 
There is no significant difference in tumor size, lymph 
node metastasis, and retroperitoneal invasion. In the R2 
group, of the eight patients who were positive in n2, 7 
(88%) of them were also positive in n1. 

In the R1 group, three patients (9%) are alive after 
more than 7 years and show no sign of disease recur- 
rence. Two patients (6%) died of other diseases (unre- 


* Seven (88%) are positive also in n1. 


lated to the pancreatic carcinoma) within 3 years after 
surgery. The remaining 27 patients (84%) died of cancer 
recurrence, 26 within 3 years. In the R2 group, there are 
five (24%) 3-year survivors and two (10%) 5-year survi- 
vors. None have any sign of disease recurrence, but two 
died of other diseases, one within 3 years and the other 4 
years after surgery. The remaining 13 patients (62%) 
died of cancer recurrence within 3 years. A comparison 
of cumulative survival rates between the R1 and the R2 
groups is shown in Figure 3. In the R1 group, 1-, 3-, and 
5-year survival rates are 43%, 13%, and 9%, respectively. 
In the R2 group, survival rates are 65%, 38%, and 28%, 
respectively. There is a significant difference in the 3- 
year survival rate (p < 0.05) between the R1 and R2 
groups. 

A comparison of the cumulative rate of death from 
cancer recurrence between the R1 and the R2 groups is 
shown in Figure 4A. Twenty-seven patients of the RI 
group and 13 patients of the R2 group died of cancer 
recurrence. This figure shows that in the R1 group, 26 
(96%) of 27 deaths due to cancer recurrence occurred 
within 3 years, and all of the R2 group deaths occurred 
within 18 months. At 3 years, the cumulative death rate 
was 84% in the R1 group and 56% in the R2 group—2a _ 
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Fic. 3. Cumulative survival rate for the patients who survived the 
operations (Kaplan-Meyer method). (*, **: p < 0.05.) 
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Fic, 4A-D, Cumulative rate of death from the cancer recurrence (life- 

table method). (A) total recurrence, (B) local recurrence alone, (C) 

distant plus local recurrence, (D) distant recurrence alone. Between R1 

and R2 procedures, a significant difference (p < 0.05) is observed in 
{A} and (B). 


significant difference (p < 0.05). The cumulative rate of 
death from local recurrence alone is shown in Figure 4B; 
this rate was 67% at 3 years after operation in the R1 
group and 16% in the R2 group (p < 0.05). However, the 
R2 procedure apparently has not prolonged survival. 
Cumulative rates of death due to distant plus local re- 
currences are shown in Figure 4C and those due to dis- 
tant metastasis alone in Figure 4D. These two figures 
show that the R2 procedure has not succeeded in de- 
creasing the deaths due to distant metastasis nor those 
due to distant metastasis plus local recurrence. 
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In Table 3, the histologic tumor classification is com- 
pared between the R1 and R2 procedures for the pa- 
tients who survived longer than 3 years. Three patients 
in the RI group and one patient in the R2 group who 
died of other disease are excluded. The ratio of the num- 
ber of 3-year survivors to the number of patients in 
every histopathologic subgroup is shown. Group R2 pa- 
tients with either nl or n1 plus n2 nodal involvement 
had significantly more 3-year survivals than those of the 
R1 group. However, there were no 3-year survivors in 
either group for patients with t3 tumors. 

In Table 4, the histologic tumor classification is com- 
pared between the R1 and R2 groups for the patients 
who died of local recurrence. In all groups but the t3 
subgroup, a higher proportion of R1 patients died with 
local recurrence. In particular, a significant difference is 
observed between the t2 subgroups (p = 0.04), rp(+) 
subgroups (p = 0.04) and the n1/n1 + n2 subgroups {p 
= 0.06). 

In Table 5, the histologic tumor classifications of pa- 
tients who died of distant metastasis are compared. 
There is no significant difference between the RI and 
the R2 groups. Death from distant-metastasis occurred 
in 75% of the t3 subgroup, but is 0% in the rp(—) sub- 
group. 


Discussion 


In the study of Cubilla et al.,!° the lymph nodes most 
commonly involved in patients with ductal carcinoma 
of the pancreatic head were of the PPD group (56%), SH 
group (48%), SB group (28%), IH group (24%), the APD 
group (13%), and the IB group (1%). We presume that 
nodes in SM group were included in the SH and JH 
groups. The R1 procedure as described in this study or 
the Whipple procedure with a wide margin from the 
head can be used for all of these groups, with the excep- 
tion of the SB and IB groups. The R2 procedure, as we 
have described it, cleared not only the SB and IB groups, 
but also the CT, CHD, MC, SM, and PA groups. The 
CT and PA groups are considered the final or semifinal 
stations among the upper abdominal lymphatic flow. 
Therefore, our R2 procedure might be considered the 


TABLE 3. Histopathological Backgrounds in the Patients Surviving Longer than 3 Years 


Operative 
Procedures Maximum Size Nodal Involvement Retroperitoneal Invasion 
(No. of E ft es 
patients) tl t2 t3 nQ nl n2 rp(—) rp(+) 
R1 4/29 (13%) 1/5 (20%) 3/21 (14%) 0/3 (0%) 4/5 (80%) 0/24* (0%) — 3/5 (60%) 1/24 (4%) 
R2 7/20 (35%) 3/4 (75%) 4/12 (33%) 0/4 (0%) 3/5 (60%) 3/7° (43%) 1/8° (13%) 3/4 (75%) 4/16 (25%) 


p < 0.05 between a and b plus c; p < 0.01 between a and b.. 
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TABLE 4. Histopathological Backgrounds in Patients Who Died of Local Recurrence 
Operative i l 
Procedures Maximum Size Nodal Involvement Retroperitoneal Invasion 
(No. of A E ESA ee 
patients) tl t2 t3 nl n2 rp(—) rp(+) 
R1 12/29* (41%) 3/5 (60%) 9/21° (43%) 0/3 (0%) 2/5 (40%) 10/24° (42%) — _ 2/5 (40%) 10/24! (42%) 
R2 2/207 (10%) 0/4 (0%) 1/12° (8%) 1/4 (25%) 0/5 (0%) 1/74 (14%) 1/8° (13%) 0/4 (0%) 2/16' (13%) 


a, b, and fi p < 0.05. 


best procedure for removing the lymphatic and nodal 
involvement. In our study, the surgical margin of the 
resected pancreas was negative for all patients who were 
treated by a Whipple procedure. Neither we nor Cubilla 
et al. have found metastasis to lymph nodes at the 
splenic hilus in our 14 total pancreatectomies or Cu- 
billa’s 18 cases.” Between the R1 and R2 groups there 
was no significant difference in the numbers of totally 
pancreatectomized cases. Therefore, we can exclude the 
background factor associated with total pancreatectomy 
from our comparison of the two groups. 

Although we have not yet followed the patients of the 
R2 group for 5 years, it is nevertheless possible to com- 
pare the 3-year survival rate between the RI and R2 
groups. Because all deaths due to cancer recurrence in 
the R1 group occurred within 3 years (with the excep- 
tion of one case in which death occurred after 3 years 
and 4 months), the 3-year survival rates serve as a mea- 
sure of effective control of local disease. In previous 
reports, there has been little difference between 3- and 
5-year survival rates;'*!* mean survival was less than 2 
years. Additionally, in order to exclude the factors that 
might be associated with recent advances in postopera- 
tive management, operative deaths and sometimes 
death due to other diseases that occurred within 3 years 
were excluded from the evaluation. 

In this study, the 3-year survival rate of patients with 
ductal carcinoma of the pancreas head has been im- 
proved by the R2 procedure, through decrease in local 
recurrence. The incidence of 3-year survivors among 
patients with nodal involvement was 27% (4 of 15 pa- 
tients) in the R2 group, and 0% in the R1 group (Table 
4). In Cohen’s series,” no patient with nodal involve- 
ment survived 5 years. Our results imply the usefulness 


p < 0.06 between c and d plus e. 


ofextended lymph node clearance. It is puzzling that the 
R2 procedure resulted in 3-year survival primarily for 
the patients with nO or n1 involvement; only one patient 
with n2 involvement survived more than 3 years in the 
R2 group, and the R1 procedure did not result in 3-year 
survival for any patient with n1. Cubilla et al.!° observed 
perineural and lymphatic invasion in more than 90% of 
cases of pancreatic carcinoma, and Nagai et al.!! de- 
tected microinvasion in surrounding soft tissues, even in 
small t1 cancers (less than 1 cm). Since Urich’® reported 
that perineural invasion might be a pathway for lym- 
phatic spread of cancer cells, both perineural and lym- 
phatic invasion may represent lymphatic metastasis be- 
fore cancer cells flow into the lymph node. If this is true, 
we should consider that microinvasion has occurred in 
the n2 region, even when nodal involvement was limited 
to the nl region. Therefore, simple lymphadenectomy 
without resection of surrounding connective tissue is 
inadequate for the purpose of lymphatic clearance. 

In contrast to local recurrence, distant metastasis can- 
not be controlled by extended surgery alone. In Table 5, 
we see that the patients with large tumors (t3) and retro- 
peritoneal invasion (rp(+)) are at high risk for death 
from distant metastasis. No patient in the t3 subgroup 
survived for 3 years (Table 3). These findings are consis- 
tent with the poor results Fortner!’ obtained with ad- 
vanced pancreatic cancer, even with regional pancre- 
atectomy and en bloc resection of major vessels. We 
conclude that adjuvant therapy is necessary in avoiding 
the distant metastasis that can develop in patients with 
advanced pancreatic cancer, although for patients with 
small tumors, local disease control can be better accom- 
plished through extended resection of lymph nodes and 
peripancreatic soft tissues. 


TABLE 5.. Histological Backgrounds in the Patients with Death from the Distant Metastasis 


Operative ; 
Procedures Maximum Size Nodal Involvement Retroperitoneal Inversion 
(No. of SS ae eens 
patients) tl t2 t3 nO . ni n2 rpí—) rp(+) 
RI 6/29 (20%) 0/5 (0%) 3/21 (14%) 3/3 (100%) 0/5 (0%) 6/24 (25%) — 0/5 (0%) 6/24 (25%) 
R2 6/20 (30%) 1/4 (25%) 3/12 (25%) 2/4 (50%) 2/5 (40%) 0/7 (0%) 4/8 (50%) 1/4 (25%) 5/16 (31%) 
Total 12/49 (24%) 1/9 (11%) 6/33* (18%) 5/7* (71%) 2/10 (20%) 6/31 (19%) 4/8 (50%) 1/9 (11%) 11/40 (28%) 


* p< 0.085. 
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’ The Inhibitory Effect of Parenteral Nutrition 
on Recovery of Neutrophil Locomotory Function 


in Blunt Trauma 





EUFRONIO G. MADERAZO, M.D., CHARLES L. WORONICK, PH.D., ROBERT A. QUERCIA, M.S., 
NANCY HICKINGBOTHAM, B.S.N., and A. DAVID DREZNER, M.D., PH.D. 


Twenty patients were investigated to determine whether total 
parenteral nutrition (TPN) influences the recovery of neutro- 
phil (PMN) locomotory dysfunction in blunt trauma. Half 
were given TPN consisting of amino acids, glucose, electro- 
lytes, and trace minerals, and half were given intravenous 
(1.V.) fluids consisting of 5% glucose in water or saline, elec- 
trolytes, and trace minerals. PMN locomotion was assayed 
using micropore filters. Analysis of the data by general linear 
modeling showed that PMN locomotion in TPN patients was 
significantly slower during the first 3 to 4 days postinjury. By 
sequential analysis, improved PMN function in the group not 
given TPN (NO TPN) occurred less than 95% of the time. 
TPN with amino acids and glucose may worsen and delay the 
recovery of PMN locomotory responses in blunt trauma, but 
the preference ratio of NO TPN:TPN for better PMN function 
was less than 95:5. 


of an acquired neutrophil (PMN) chemotactic 

defect in seriously injured patients.!? The che- 
motactic abnormality was mainly cell-associated, al- 
though minor and more transient defects in serum were 
also encountered.” This abnormality correlated with an- 
ergy, sepsis, and increased mortality.'* Consequently, 
correction of the PMN defect ought to improve host 
defenses against infections and lower the incidence of 
infections in these patients. 

The primary mechanism involved in the PMN defect 
in trauma is probably not protein-calorie malnutrition, 
especially since the PMN defect can be observed within 
hours after the injury. It is, however, possible that un- 
dernutrition may contribute to the persistence of the 
PMN dysfunction;’ seriously traumatized patients are 


pP REVIOUS STUDIES HAVE SHOWN the occurrence 


Reprint requests and correspondence: Dr. Eufronio G. Maderazo, 
Medical Research Laboratory, Hartford Hospital, Hartford, CT 
06115. 

Supported by the National Institutes of Health Grant #34079, and 
by the Hartford Hospital Research Free Funds. 

Submitted for publication: November 5, 1987. 


From the Medical Research Laboratory and Infectious 
Disease Division, Departments of Medicine, Pharmacy 

; Services, and Surgery, Hartford Hospital, Hartford, 
Connecticut, and the University of Connecticut School of 
Medicine, Farmington, Connecticut 


generally unable to eat during much of the first week 
after injury. We therefore embarked on studies to deter- 
mine whether total parenteral nutrition (TPN) influ- 
ences the recovery of PMN locomotory dysfunction in 
blunt trauma. 


Materials and Methods 
Subjects 


We studied 20 patients admitted to our institution 
after undergoing acute blunt trauma caused by (except 
in the case of one patient) motor vehicle accidents. 
There were 16 men and four women, all of whom had 
been healthy before trauma. Clinical characteristics of 
the patients are listed in Table 1. Excluded from entry to 
the study were the following: 1) patients with an injury 
severity score (ISS) of less than 20 (because the PMN 
abnormality may be too subtle for detecting a difference 
incurred by treatment, should a difference occur, 2) pa- 
tients with pre-existing serious illnesses that might sig- 
nificantly influence the clinical outcome and render in- 
terpretion of the data very difficult, as shown by Patient 
16 in our previous study,* and 3) patients who are or 
might be placed on fluid restrictions, such as those who 
presented with severe central nervous system injury or 
acute renal failure. 

Normal subjects consisted of 87 healthy volunteers, 
17 of whom were men and 70 of whom were women, 
with a median age of 28 years (mean: 32, range: 16-64). 

These studies were performed in accordance with the 
ethical standards of the Hartford Hospital Institutional 
Review Committee. 
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TABLE 1. Clinical Characteristics of Patient Groups 


Characteristics TPN Group NO TPP Group 
Number of subjects 10 1) 
Age (mean + SD) 26+ 5 25£ 6 
Sex (M:F) 10:0 64 
ISS (mean + SD) 33+ 9 32+ 9 
Keal/day (mean + SD) 1708 + 791 306 + 144 
Blood glucose, mg/dl 

(mean + SD) 180 + 36 134+ 19 

` No. patients who 

underwent major 

surgery, Day < 7 8 = 
No. surgical 

procedures, Day < 7 9 5 
No. patients blood 

transfused, Day < 7 8 8 
No. units transfused, 

Day < 7 28 27 
No. patients received 

anti-inflammatory 

steroids 3 4 
No. of patients infected 5 2 
No. of infections 7 3 


Experimental Design and Analysis 


Patients were paired as closely as possible accordirg to ` 


injury severity scores or ISS* and age. Whether teat- 
ment for the first patient of the pair was to be TPM or 
intravenous (I.V.) fluids (NO TPN) was decided ty a 
toss of a coin. The second of the pair received the re- 
‘maining choice. The TPN program consisted of syn- 
thetic amino acids from FreAmine IJI™ (American 
McGaw, Irvine, CA) or Aminosyn™ (Abbott, Chicezo, 
IL), glucose, electrolytes, and trace minerals to provic 2 
g of protein/kg/day and 25 kcal/kg/day. TPN vas 
started on Day 1 in two patients, Day 2 in five, and Lay 
3 in three, and was continued until at least Day 7. Serem 
electrolytes, including phosphates, were monitored and 
maintained at normal levels by supplementation. Sup- 
plemental insulin was given in an effort to maintain 
blood sugar below 200 mg/dl. In this study, lipids were 
deleted from the TPN program because this component 
had previously been shown by others to inhibit both in 
vitro and in vivo PMN chemotactic responses.*© NO 
TPN fluid consisted of 5% dextrose in water or in salir=, 
trace minerals, and electrolytes, as needed, to maintan 
fluid and electrolyte balance. When able, all patierzs 
were allowed oral intake. After blood samples weze 
drawn on Day 7, patients were allowed any form ef 
nutritional support, including TPN with lipids. 

We used two analytical procedures to guide and eva- 
uate the study: sequential analysis’ and general linezr 
modeling.® Sequential analysis allows for the decision to 
terminate the study early, should a significant differene 
between two or more treatments be achieved, or should 
the results indicate that no difference will ever be ot- 
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served. Sequential analysis is accomplished by calculat- 
ing the least upper and greatest lower boundaries for any 
subsequent value of the statistic after each observation is 
made. If the critical values are not within these bound- 
aries, the outcome of the experiment is determined and 
the study is terminated. In this study, we used the critical 
values 0.95 (6) and 0.05 (1-6), thus assuming an over- 
whelming preponderance of one treatment over the 
other. With this assumption, absence of a significant 
difference between the two treatments does not neces- 
sarily mean that one treatment is not better or worse 
than the other; it simply means that the difference is not 
as overwhelming as we originally have thought (between 
50:50 to 94:6). The rate of recovery of PMN locomotory 
function was determined for each patient by testing 
three to four times during the 7-day study period. Using 
regression analysis, the point of recovery was then cal- 
culated, and the rate of recovery was compared between 
the two treatments in the pair. 

For the general linear modeling, the data were sub- 
jected to a univariate repeated measures analysis as a 
split-plot design, using SAS PROC GLM. Because it is 
not possible to test all patients on all days, the design is 
unbalanced and the use of SAS PROC GLM was 
deemed to be appropriate. We tested whether the differ- 
ence in PMN locomotion over time depends on the 
different treatments administered (an interaction be- 
tween a between-patient factor and a within-patient fac- 
tor). The similarity of the univariate repeated measures 
analysis to the split-plot design allows the use of the 
latter to analyze the data. In this analysis, TPN or NO 
TPN was the whole “plot” treatment; because one 
treatment applied to all the measurements for a particu- 
lar patient in the study, days postinjury was the split-plot 
treatment, and patient-within treatment served the role 


‘of replication. 


In a repeated measures design, observations of the 
same patient were correlated, but because the sums of 
squares for treatments were measuring an effect aver- 


-aged over patients who were given the identical treat- 


ment (TPN or NO TPN), correlation within these ob- 
servations was not a problem. The F value for the treat- 
ment effect was obtained by dividing the treatment 
mean square by the patient-within treatment mean 
square. 


PMN Locomotion Assay 


As in previous studies, a modified micropore filter 
assay was used to assess PMN locomotory function.’ 
PMNs were allowed to migrate in clear acrylic chemo- 
tactic chambers through 13 mm diameter cellulose ni- 
trate filters of 5 um porosity. The average distance mi- 
grated by the responding PMN population (locomotion 
index or LI) was calculated as follows: 
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TABLE 2, Summary of Locomotion Data 
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Upper Compartment 
Test 
Number (PMN + Serum) 
Chemotaxis 
] Normal + none 
2 TPN patient + none 
3 NO TPN patient + none 
Chemokinesis 

4 Normal + normal 
5 TPN patient + patient 
6 NO TPN patient + patient 


* Zym. NS = 3% zymosan-activated normal serum in Medium 199. 
None = Medium 199 alone. 


_ 2 (NXD) 
a 


(N is the number of PMNs counted at each level and D 
is the distance of that level from the proximal cell mono- 
layer). In our study, we started our counts at the 20 um 
level, thus we report the Llo. 

Chemokinetic response was tested with PMNs and 
autologous serum in the upper compartment and Me- 
dium 199 in the lower compartment. Chemotaxis was 
measured with PMNs in the upper compartment and 
3% zymosan-activated normal serum in the lower com- 
partment, as in studies previously reported.? The aver- 
age of chemokinetic response and chemotactic response 
values is referred to as “locomotion” or “locomotory 
response.” 


LI 


Results 
Clinical Characteristics of Groups 


Table 1 compares the clinical characteristics of the 
two trauma patient groups. All four women happened to 
be randomized to the NO TPN group and no women 
were assigned to the TPN group. This is of no signifi- 
cance since no difference in PMN function has been 
found between the sexes. As might be expected, the ki- 
localories received and blood sugar levels were higher in 
the TPN group than in the NO TPN group. The TPN 
group received approximately 25 kcal/kg/day, whereas 
the NO TPN group received only approximately 5 kcal/ 
kg/day. 

Five patients in the TPN group and two patients in 
the NO TPN group developed a total of seven and three 
infections, respectively. Other characteristics, such as 
number of major surgical procedures, number of blood 
transfusions, and number of patients who received anti- 


Lower Liz 
Compartment Me 
zaa (N) Mean + SD 

Chemotactic Factor (um) 


Zym. NS* (87) 44.5 + 10.1 
Zym. NS (10) 24.6+ 3.0 
Zym. NS (10) 26.8+ 3.8 
None (87) 57.14 5.5 
None (10) 30.0 + 3.6 
None (10) 38.4+ 5.8 


inflammatory steroids were adequately balanced be- 
tween the two groups. 


Characteristics of PMN Locomotory Abnormality in 
Trauma 


The mean chemotactic and chemokinetic responses 
of PMNs from 87 normal controls were 44.5 + 10.1 
(+SD) um/90 min and 57.1 + 5.5 wm/60 min, respec- 
tively. In comparison, within the first 2 days of injury 
the mean chemotactic response from first blood samples 
of the TPN and NO TPN patient groups were 24.6 + 3.0 
and 26.8 + 3.8 wm/90 min, respectively; chemokinetic 
responses were 30.0 + 3.6 um and 38.4 + 5.8 wm/60 
min, respectively (Table 2). The PMN locomotory ab- 
normality of both groups of trauma patients gradually 
improved with time (Fig. 1), as in previous studies.” 


Effect of TPN (Without Lipids) 


A composite curve of PMN responses (Llo or % 
change of patient value from the normal daily control 
value) as a function of days after injury comparing TPN 
versus NO TPN showed that the PMN locomotory ab- 
normalities recovered faster in the NO TPN group than 
in the TPN group. Data (Fig. 1) were considered “NO 
TPN” until I.V. feeding had been started, at which time 
the data were placed under “TPN”; thus, there were no 
values under “TPN” for Day 0. For the NO TPN group, 
both chemokinetic and chemotactic responses normal- 
ized by Day 4, whereas with regard to chemokinetic 
responses for the TPN group, this occurred by Day 5 
and by Day 7 with regard to chemotaxis. Using general 
linear modeling procedures, these differences in speed of 
recovery were statistically significant for both locomo- 
tory functions when the two groups were compared, 
using Llo values directly or using per cent change from 
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FIG. 1. The effect of I.V. TPN administration (O —— O) in trauma 


patients as compared with no TPN treatment (NO TPN) (* *) on 
recovery of PMN locomotion. Patients were classified as NO TPN 
until actual administration of TPN was initiated. Locomotion is de- 
fined as the mean of the % change of chemotaxis and the % change of 
chemokinesis, when compared with a normal daily control. Data from 
all patients is included. The bars represent mean + S.D. values. 





daily normal control values. These statistical values are 
summarized in Table 3. 

Since the occurrence of infection can also delay recov- 
ery of PMN function?’ the data were reanalyzed to deal 
with the imbalance of the number of infected patients 
from each group (five patients in TPN and three in NO 


TABLE 3, Summary of Results Comparing PMN Locomotory 
Recovery of Patients Receiving TPN Using General 
Linear Modeling Procedures 
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PMN 
Locomotory Data Used for p-Value: 
Function Comparison Recovery All Data* 
Chemokinesis Llf NO PTN faster 0.031 
% change from NO TPN faster 0.027 
control 
Chemotaxis Loo NO TPN faster 0.035 
% change from NO TPN faster 0.0014 
control 
Locomotion§ % change from NO TPN faster 0.003 
control 


* All data from Day | to Day 4 were used for comparison, 
ft Ll- values are used directly to compare recovery. 
+ Llao values of the treatment pair are converted to a % change from 
the value of the daily normal control before they are used for compari- 


. gon. This maneuver may partially correct for day-to-day variability of 


the assays. 


§ Locomotion is the average of chemokinesis and chemotaxis values. 
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Fic. 2. The effect of I.V. TPN administration (O ——- O) in trauma 





patients as compared with no TPN treatment (NO TPN) (* *) on 
recovery of PMN locomotion. Patients were classified as NO TPN 
until actual administration of TPN was initiated. Locomotion is de- 
fined as the mean of the % change of chemotaxis and the % change of 
chemokinesis, when compared with a normal daily control. For pa- 
tients who became infected, data is not included, starting from the day 
of infection. The bars represent mean + S.D. values. 


TPN). This was done by removing from analysis values 
that were obtained in the presence of infection. Figure 2 
shows that PMN locomotory values were significantly 
lower with TPN on Days 1, 2, and 3, but both TPN and 
NO TPN groups recovered by Day 4. For the TPN 
group, this recovery was 1-3 days earlier, when com- 
pared with data plotted with correction for the effects of 
infection. These results indicate that infection did, in 
fact, delay recovery of PMN function (as shown pre- 
viously,”'°) and, in this study, contributed to delayed 
PMN recovery in the TPN group. However, infections 
did not totally explain the greater reduction of PMN 
function in the TPN group, and TPN by itself still 
showed a negative influence on PMN locomotory func- 
tion. The statistical significance values are summarized 
in Table 3. 

Sequential analysis testing for a high preference ratio 
of 95:5 showed that neither treatment has an over- 
whelming (95%) preponderance over the other treat- 
ment in terms of its effects on recovery of PMN chemo- 
tactic or chemokinetic response. 

Combined, these results show that TPN with glucose 
and amino acids does not improve or hasten the recov- 
ery of PMN function in trauma. Indeed, patients who 
did not receive TPN had better PMN locomotory re- 
sponses, although the preference for improved PMN 
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function in the NO TPN group was less than 95% of the 
"time. 


Discussion 


In this study, trauma victims who did not receive 
TPN soon after injury showed less PMN locomotory 
dysfunction than patients who were provided parenteral 
nutritional support. The PMN locomotory profile was 
further worsened by infections in the TPN group. These 
results seem to contradict the generally held view that 
attempts to correct protein-calorie imbalance should 
have a positive or, at the very least, a neutral influence 
on host defects in the undernourished. 

Our study is not the first to show that TPN may ad- 
versely affect PMN function. In 1978, Craddock et al. 
showed that TPN without adequate phosphate supple- 
mentation decreased leukocyte ATP and chemotaxis.!' 
This defect was corrected with adequate phosphate sup- 
plementation in vivo, and by incubation of leukocytes 
with adenosine and phosphate in vitro. Subsequent stud- 
ies also showed that lipids are inhibitory to various PMN 
functional activities in vitro and in vivo.>® One study 
indicated that this effect was due to hypotonic shock of 
PMNs, attributable to the 2.5% glycerol contained in the 
infusate, since addition of saline to correct tonicity abol- 
ished the problem. In burn patients, Alexander! 
showed decreasing neutrophil bactericidal function as 
the J.V. caloric intake was increased. The worsened 
PMN function correlated with the amount of I.V. lipid 
administered. These results contrast with enteral feeding 
in the same study, because PMN bactericidal function 
improved with increased caloric intake. 

During the time of our study indirect calorimetry was 
not yet a standard procedure for monitoring caloric re- 
quirements of our patients. The amount given our pa- 
tients receiving TPN were, however, within the range 
recently recommended of 25-35 kcal/kge/day.!*"? 

In this study, we attempted to avoid the factors that 
have previously been shown to be associated with de- 
pression of PMN function. Phosphate was supple- 
mented to maintain normal serum levels, lipid was ex- 
cluded from our TPN program, blood sugar was moni- 
tored and controlled with exogenous insulin to avoid 
prolonged and excessive hyperglycemia (blood sugar 
above 200 mg/dL) and hyperosmolality. Despite these 
precautions, PMN locomotory dysfunction was worse 
and recovery of PMN function was delayed 1 in the seri- 
ously traumatized subjects given TPN. 

Several important questions raised by these findings 
need to be addressed. Do these findings translate into 
increased infection rate and mortality among trauma 
victims who received TPN? What is the possible mecha- 
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nism of this adverse effect of TPN on the PMN func- 
tional recovery? When is TPN necessary in victims of 


` serious trauma? Would high branched chain amino acid 


formulations have a more favorable effect? 

There were seven infections in five infected patients of 
the TPN group and three infections in two infected pa- 
tients in the NO TPN group. Although there was a defi- 
nite trend, the difference was not statistically significant 
by Fisher’s exact chi-square test. Most likely the number 
of patients studied was insufficient for detecting a dif- 
ference, that is, a Type II or beta error. Future studies 
should clarify this important issue. 

The mechanism of the unfavorable effects of TPN 
with glucose and amino acids on PMN function is not 
known at this time. Since we avoided hyperosmolality, 
hypophosphatemia, excessive and prolonged hypergly- 
cemia, and lipid infusion, we have ruled out most of the 
previously suspected or proven bases for PMN dysfunc- 
tion associated with TPN. One can still argue, however, 
that the higher than normal blood sugar in our patients 
given TPN was enough to explain the difference. This 
indeed was our initial hypothesis until we studied sev- 
eral patients whose blood sugars were controlled to 150 
mg/dl or less with insulin, and who did not show an 
associated definite improvement of PMN function. Al- 
though this does not completely rule out glucose and 
relative insulin deficiency as possible causative factors, it 
does considerably reduce the likelihood of this possibil- 
ity. More likely, however, in view of recent findings 
consistent with auto-oxidative damage in trauma 
PMNs,”° is the part played by amino acids. Amino acid 
infusion for acute trauma may provide excess free 
amino group substrates for the formation of mono- or 
dichloramine compounds, These toxic compounds are 
by-products of reduction of hydrogen peroxide (H2Oz) 
via the iron-independent pathway catalyzed by myelo- 
peroxidase (MPO) in the presence of halides such as 
chloride ion.'*!” Thus, H20 is converted to hypochlo- 
rous acid (HOC1) in the presence of MPO and CI”. In 
the presence of free amino groups, HOC1 produces 
mono- and dichloramines. Consequently, early infusion 
of exogenous amino acids after serious injury may un- 
necessarily provide excess free amino group substrates 
for the synthesis of chloramines. This is an area of great 
interest for future studies. 

Another issue of vital importance is to determine 
when TPN is necessary for victims of serious trauma. 
There are data that can provide useful but not clear-cut 
guidelines. Although most investigators in the area of 
trauma and nutrition support the use of TPN, not all 
support its early use.'? There are several reasons for this. 
First, most trauma victims are well-nourished before in- 
jury, and evidence of malnutrition in these patients does 
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not occur until the second week after severe injury, or 
even longer after lesser injuries.!* Moreover, there is evi- 
dence of extracellular fluid expansion early in trauma, 
which can last for days or weeks, and excessive fluid 
infusion is detrimental.'*'!* Furthermore, 13 of the 20 
patients in our study were able to resume oral intake by 
Day 7, and only three required TPN beyond Day 14. 
Thus, only 35% would have required nutritional support 
after 1 week, should body cell mass have deteriorated, 
and only 15% would have required it beyond 2 weeks. 
Because nutritional support via the enteral route has 
many advantages over TPN, being more physiologic, 
cost-effective, convenient, safe, and less likely to impair 
PMN function,'*!? this would be the preferred route. To 
the authors, these findings suggest that TPN is not a 
treatment for trauma per se, but is certainly an appro- 
priate treatment for the undernourished. Unless a pre- 
existing nutritional deficit is present, early administra- 
tion of TPN after blunt trauma may create more prob- 
lems than it can solve. Although we did not address 
these issues in our study, the situation may be quite 
different in postoperative trauma and in burns. In the 
former, many patients requiring nonelective major sur- 
gery may already be in dire nutritional status before 
surgery; the combined effects of protein-caloric under- 
nutrition and electrolyte imbalance on response to anes- 
thesia, acute injury and healing, not to mention the im- 
mune status, are most likely greater risks to the patient’s 
survival than the PMN dysfunction produced by TPN. 
In burns, excessive loss of proteins may require replen- 
ishment much earlier than needed in blunt trauma vic- 
tims. 

The question of whether high branched-chain amino 
acid formulations will have a more favorable effect on 
PMN functional recovery requires study. If the basis for 
prolonged PMN functional recovery with TPN is in- 
creased production of chloramines and autotoxic dam- 
age, one can reasonably expect that any formulation 
that will provide free amino groups—especially high 
branched-chain amino acid formations—will have simi- 
lar adverse effects on PMN function if administered 
soon after injury. 

There are still numerous areas of study in the field of 
nutritional support and the immune system in trauma, 
as noted above. It is quite clear, however, that as more 
data become available, the wisdom of F. D. Moore’s 
campaign against “meddlesome treatment” in trauma- 
tized patients!’ will become more apparent. 
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The results of randomized clinical trials evaluating commonly 
used methods. of deep vein thrombosis (DVT) prophylaxis in 
moderate- and high-risk general surgery patients were pooled 
to obtain an unbiased estimate of efficacy and risks. Low-dose 
heparin (LDH), dextran, heparin-dihydroergotamine 
(HDHE), intermittant pneumatic compression (IPC), and 
graded elastic stockings significantly reduced the incidence of 
DVT; aspirin was ineffective. In contrast to other methods, 
elastic stockings have not been adequately studied to determine 
their value in reducing DVT in high-risk patients, such as 
those with malignancy. Only LDH and dextran were studied in 
numbers of patients sufficient for demonstrating a clear reduc- 
tion in pulmonary embolism (PE). In comparison studies, LDH 
was superior to dextran in preventing DVT, but the two agents 
were equivalent in protecting against PE. Although HDHE 
was marginally better than LDH in preventing DVT, it ap- 
peared to have no advantage in preventing PE—at least in 
moderate-risk patients. The incidence of major hemorrhage 
was not increased with any of the prophylactic agents. How- 
ever, wound hematomas occurred significantly more frequently 
with LDH, an effect noted in the pooled data from double-blind 
and open trials. In comparison trials with LDH, both dextran 
and HDHE had significantly fewer wound hematomas. LDH 
administered every 8 hours appeared more effective in reduc- 
ing DVT than LDH administered every 12 hours; the incidence 
of wound hematomas was equivalent with both regimens. 


LARGE BODY OF LITERATURE has developed 
evaluating the benefits and risks of pharmaco- 


logic and physical agents used to prevent post- 
operative venous thromboembolism. Despite the con- 


vincing evidence of the efficacy of many agents, surveys 


conducted in the United States, England? and Sweden? 
document wide practice variations among surgeons; ap- 
proximately one half of surgeons in these countries use 
specific prophylaxis in less than one fifth of their pa- 
tients. Skepticism of prophylaxis has, in part, been en- 
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gendered by perceived variations in the actual risk of 
postoperative venous thromboembolism,*° fear of un- 
desirable side effects (principally bleeding), and con- 
cerns about costs.”!° Much of the reluctance of surgeons 
to use prophylaxis, however, stems from the confusing 
and contradictory results of multiple clinical trials. Be- 
wilderment is compounded by the large number of prc- 
phylactic methods advocated (over 25 were found on a 
recent review of the literdture'’), variations in end points 
used to judge efficacy and side effects, the uncertainty of 
the clinical relevance of end points such as calf vein 
thrombosis, and the lack of comparative trials evaluat- 
ing methods against each other. 

Recently, a new type of research, termed meta-analy- 
sis, has been developed to combine and analyze the re- 
sults of randomized, controlled trials.'* By pooling the 
results of several clinical trials, meta-analysis increases 
the statistical power for primary end points and for sub- 
groups and helps resolve uncertainty when reports dis- 
agree. The technique is particularly appropriate when an 
endpoint is so rare that huge clinical trials are necessary 
for definitive answers. Such is the case with postopera- 
tive pulmonary embolism. While many trials demon- 
strate that the incidence of leg vein thrombosis is re- 
duced by prophylactic agents, very few are large enough 
to show a definite reduction in pulmonary embolism. 
One randomized, controlled trial, the International 
Multicentre Trial, demonstrated a striking reduction in 
fatal postoperative pulmonary embolism among general 
surgical patients treated with low-dose heparin.!? How- 
ever, the findings were obscured by the contrary results 
of one of the participating centers in this trial and the 
ensuing controversy that played out in the medical liter- 
ature.'*!° Because uncertainties remain with regard to 
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the ultimate value of perioperative low-dose heparin 
and other prophylactic methods in preventing venous 
thromboembolism,!® and because there are a large num- 
ber of published small and moderate-sized randomized 
trials in general surgical and related patients, the benefits 
and risks of prophylactic strategies are particularly well- 
suited to meta-analysis. ' 


Methods 


A computer search of the English language medical 
literature was carried out to obtain published reports of 
randomized trials of methods of perioperative venous 
thromboembolism prophylaxis in general surgery pa- 
tients. The search scanned a 10-year period (up to Au- 


gust 1986); in order to obtain earlier and additional 


studies, this search was supplemented by checking the 
bibliographies of comprehensive references!’~*° and the 
bibliographies of articles obtained from the computer 
search. Only trials evaluating antithrombotic drugs and 
physical methods that are generally available and in 
widespread use were chosen for meta-analysis. These 
included low-dose heparin (LDH), dextran, low-dose 
heparin-dihydroergotamine (HDHE), intermittant 
pneumatic compression (IPC), graded compression 
elastic stockings, and aspirin alone or in combination 
with dipyridamole. For a patient to be considered for 
this meta-analysis, at least four randomized trials had to 
be available. Specifically excluded from review were 
newer agents (such as low molecular weight heparin), 
and combinations of established methods (such as LDH 
or dextran combined with elastic stockings or IPC), even 
though these prophylactic methods appear promis- 
ing.?!-*® The former were not considered because they 
are not available for general use, and the latter were 
excluded because too few reported clinical trials were 
available for analysis. Only randomized trials of patients 
treated with a prophylactic method compared with con- 
trol patients or compared with patients treated with an- 
other prophylactic method were selected. The trials had 
to be published in peer-reviewed journals; abstracts, 
brief reports, and unpublished trials were not included 
because of the possibility of unreliable data.!” 

For purposes of this review, the term “general surgery 
patient” is broad and refers to any patient over the age of 
40 years undergoing major abdominal surgery. In most 
trials, the bulk of these patients had elective gastrointes- 
tinal (G.I.) surgery. In many, patients with gynecologic 
and urologic conditions were included, and, in a few, 
patients having mastectomy, pulmonary operations, or 
vascular procedures were also studied. Because it is not 
clear that the risk of perioperative venous thromboem- 
bolism is substantially different among these subgroups 
and because it was impossible to segregate these patients 
in most trials, all were considered general surgical pa- 
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tients. On the other hand, patients having orthopedic 
operations have different risks as well as different re- 
sponses to prophylactic agents,!”!? and these patients 
were excluded from analysis. Also excluded were trials 
of patients undergoing only inguinal hernia repair, vagi- 
nal hysterectomy, transurethral prostate resection, or 
minor operations. In some instances, these types of pa- 
tients may have been included among much larger num- 
bers of general surgery patients; in these trials, however, 
such patients comprised a minority. 

The following end points were considered for meta- 
analysis: positive radioactive fibrinogen uptake test 
(+FUT) for deep vein thrombosis (DVT), +FUT con- 
firmed by phlebography, above-knee deep vein throm- 
bosis (AK DVT), all pulmonary emboli (PE) (includes 
nonfatal and fatal), fatal pulmonary emboli (FPE), 
major hemorrhage, and wound hematoma. The clinical 
diagnosis of PE had to be confirmed by lung scan, pul- 
monary angiography, or autopsy. Cases in which PE was 
not confirmed with objective tests were not counted. In 
some trials, all patients had perfusion lung scans per- 
formed after surgery. Because of the uncertain specific- 
ity of abnormal perfusion lung scans in postoperative 
patients having no other signs and symptoms of PE, and 
because of the large number of abnormal results in these 
trials that might skew the results, these cases were not 
included for meta-analysis. AK DVT was considered 
present when the FUT was unequivocally abnormal in 
the thigh or when phlebography demonstrated 
thrombus in the deep veins of the thigh. Major hemor- 
rhage was defined as bleeding not due to faulty surgical 
technique that led to reoperation, transfusion, or death. 
Discontinuation of an antithrombotic drug because of 
perceived excessive bleeding during surgery was not con- 
sidered unless another criterion for major hemorrhage 
was described. Although some trials used discontinua- 
tion of an antithrombotic drug because of “excessive 
bleeding” as an end point, this was considered too sub- 
jective and poorly defined (particularly when described 
in open trials where physicians knew which patients 
were treated) to be used for meta-analysis. Wound he- 
matoma was defined as an abnormal collection of blood 
in the surgical wound. In most trials, criteria for the 
presence or absence of wound hematoma were not pre- 
cisely defined. Descriptions varied all the way from 
bruising about the wound to collections of blood that led 
to reopening the wound or wound infection. Because 
investigators, in general, did not give separate account- 
ing for these different manifestations of wound hema- 
toma, all were counted for meta-analysis. Injection site 
complications (usually mild bruising) were specifically 
not considered wound hematomas. In at least four inde- 
pendent studies, the statistical analysis involved the 
comparison of end point or non-end point status for 
treated versus control groups. The Mantel-Haenszel 
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analysis allows the comparison across studies without 
the direct comparison of subjects from different stud- 
ies.” To accomplish the analysis, the SAS package was 
utilized on a VAX™ 11/780 computer. As an estimate of 
relative risk, odds ratios were computed for treated 
versus controls, along with a 95% confidence interval for 
each odds ratio.” 

The data from each trial were analyzed in two ways. 
First, end points in all patients randomized were 
counted, even if patients didn’t receive the assigned 
treatment or were withdrawn from the study because of 
protocol violations (intention-to-treat method). Second, 
only end points occurring in patients who completed 
protocols (dropouts, withdrawals, and protocol violators 
excluded from final analysis) were counted (efficacy 
method). When the final data were pooled and analyzed, 
in no instance were the end results different, regardless 
of whether efficacy or intention-to-treat methods were 
used. Results based on efficacy are presented in Tables 
1-7. Prophylactic methods are presented in descending 
order of frequency of the number of trials (patients) 
reported for a given method. 


Results 


Incidence of Thromboembolic End points Among Con- 
trol General Surgery Patients 


To assess the magnitude of the problem of venous 
thromboembolism among general surgery patients, the 
incidence of thromboembolic end points was calculated 
in control patients pooled from all trials of prophylactic 


PREVENTION OF VENOUS THROMBOEMBOLISM 


229 


methods (Table 1). The overall incidence of DVT 
(+FUT) was 25%; in trials in which the FUT was veri- 
fied by phlebography, the incidence was 19.1%. The 
lower incidence from studies using confirmatory phle- 


‘bography probably reflects the 10-20% false positive 


rate with the FUT? and is, therefore, more accurate. In 
16 studies, it was possible to separate patients with ma- 
lignant disease; the incidence of DVT (+FUT) was 
29.1% among these patients. A discrepancy was noted in 
the incidence of DVT (+FUT) between trials reported 
from Europe and North America. The pooled results 
from 37 European trials documented an incidence of 
29.7%. In comparison, the incidence was approximately 
one half this, 16.1%, from 14 North American trials. 

Studies have documented that until leg vein thrombi 
extend into the popliteal and more proximal veins, they 
pose little embolic risk and are of small clinical conse- 
quence.*°! In assessing the more serious end point of 
AK DVT, data were available in control patients from 
16 trials (Table 1). The incidence of AK DVT was 6.9%. 
The overall incidence of PE (fatal and nonfatal) was 
1.6%, and the incidence of FPE was 0.87%. 


Low-Dose Heparin 


There were 29 trials in which over 8000 general sur- 
gery patients were randomized to LDH or control 
groups (Table 2). In all studies, heparin (5000 units) was 
given subcutaneously 2 hours before operation and after 
surgery, was continued every 8 or 12 hours for 7 days, 
until patients were fully ambulatory or discharged. The 
incidence of DVT (+FUT) was 8.7% among treated pa- 


TABLE 1. Venous Thromboembolism in Control General Surgery Patients 


End Point No. Trials References No. Patients Incidence (95% CT) 
DVT (+FUT) 54 13, 14, 34-56, 66-71, 82-88, 1084/4310 25.1% (23.9-~-26.5) 
90-97, 101, 111-114, 
116~118 
Confirmed DVT ` 20 34, 36, 39-41, 52, 56, 66-68, 288/1507 19.1% (17.1-21.1) 
(+FUT, phlebogram) 83, 84, 86, 87, 95, 101, 
113, 114, 116 
DVT (+FUT) 16 37, 39, 42, 47, 48, 66, 67, 159/546 29.1% (25.3~32.9) 
(Malignant disease) 70, 84, 87, 90, 94, 111, 
116-118 
DVT (+FUT) (Europe) 37 13, 14, 35-37, 42-47, 49-51, 824/2775 29.7% (28.0~3 1.4) 
53-55, 69-71, 82-85, 87, . 
88, 90-94, 96, 97, 111, 
112, 114, 118 
DVT (+FUT) (North 14 34, 39-41, 48, 52, 56, 66, 67, 178/1111! 16.1% (13.9~18.3) 
America) 95, 101, 113, 116, 117 
AK DVT 16 14, 36, 39, 43, 49, 52, 66-71, 83/1206 6.9% (5.5-8.3) 
83,91, 116, 117 
A11 PE 32 13, 14, 32, 34-37, 39-42, 45, 82/5091 1.6% (1.3-1.9) 
47, 48, 52, 53, 55, 66, 67, 
69-71, 82, 83, 85, 88, 91, 
92, 96, 101, 116, 117 - 
FPE 33 13, 14, 32-37, 40-42, 45, 47, 48/5547 0.87% (0.63~1.1) 


48, 52, 53, 55, 66-71, 82, 
83, 85, 88, 91, 96, 101, 


116, 117 
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tients versus 25.2% among controls (p < 0.001 ). In eight | 
trials, the FUT was confirmed with phlebography. Al- . 


though the overall incidence of DVT was less in treated 
(6%) and control (15.4%) groups, the significant (p 
< 0.001) beneficial effect of LDH remained. Eleven 
studies were double-blind trials in which control pa- 
tients received saline placebo injections. The incidence 
of DVT (+FUT) was 11.6% in treated patients versus 
24.6% in controls (p < 0.001). In ten trials, the effect of 
LDH in subgroups of patients with malignant disease 


was noted. Among these patients, the incidence of DVT | 


(+FUT) was 11.6% with LDH treatment and 24.6% in 
controls (p < 0.001). 

The effects of LDH on the more serious end points of 
AK DVT and PE were also assessed (Table 2). In 12 
randomized trials, information was available for AK 
DVT. The incidence of AK DVT was 1.4% in LDH- 
treated patients versus 6.4% among controls (p < 0.001). 
All PE, assessed in 20 trials, was halved by LDH treat- 
ment; the incidence was 0.5% in treated patients com- 
pared to 1.2% in controls (p < 0.001). Even more im- 
portant, LDH reduced the incidence of FPE by two 
thirds. The pooled data from 24 randomized trials docu- 
mented a 0.2% incidence of FPE among treated patients 
versus 0.7% in controls (p < 0.001). The bulk of the data 
concerning FPE came from three studies designed for 
observing the effect of LDH on this end point.!37277 In 
each of these studies, LDH significantly reduced the oc- 
currence of FPE. 

Information concerning hemorrhagic complications 
` was available from 21 trials (Table 2). Four were dou- 
ble-blind studies, and the results from these were ana- 
lyzed separately. The overall incidence of major hemor- 
rhage was identical (0.33%) among LDH-treated and 
control patients. Although the incidence was higher in 
treated (1.8%) and control groups (0.8%) in double-blind 
trials, the difference between the groups was not signifi- 
cant. In contrast, wound hematomas were significantly 
(p < 0.001) more frequent with LDH-treated patients 
(6.3%), compared to controls (4.1%) (p < 0.001). This 
relationship was confirmed by examining data from 
double-blind trials in which the incidence of wound he- 
matomas was 8.0% with LDH treatment, as compared 
to 2.3% among controls (p < 0.01). 

An attempt was made to determine if there was a 
dosage effect of LDH in reducing DVT. Although there 
were no randomized studies that directly compared 
LDH that was administered every 12 hours with LDH 
administered every 8 hours, there were 347!2234-6 stud- 
ies in which general surgery patients were treated with 
the every-12-hours regimen and 15 studies!>!*+°-78 in 
which patients were treated with the every-8-hours regi- 
men. These studies included controlled trials evaluating 
LDH, noncontrolled studies, and trials comparing LDH 
with other prophylactic methods. These data were. not 
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amenable to analysis with Mantel-Haenszel statistical 
methods. The data were simply pooled to obtain a gross 
proportion (incidence) with its 95% confidence interval. 
In general surgical patients treated with LDH every 12 
hours, 289 of 2446, or 11.8% (95% CI, 10.6--13.1%), had 
DVT (+FUT); in patients treated with LDH every 8 
hours, 153 of 2039, or 7.5% (95% CI, 6.4~8.6%), had 
DVT (+FUT). 

A separate analysis was performed to determine if 
there was a difference in the frequency of hemorrhagic 
complications between patients administered LDH © 
every 12 hours and those administered LDH every 8 
hours. There were 18 studies* available in which the 
frequency of major hemorrhage was noted for patients 
administered LDH every 12 hours. Major hemorrhage 
occurred in 36 of 3839 patients for an incidence of 0.9% 
(95% Cl, 0.6-1.2%). In eight studies!46768-69.73-16 in 
which LDH was administered every 8 hours, 20 of 1142 
patients, or 1.8% (95% CI, 1.0-2.6%), suffered major 
hemorrhage. Although this number is higher in compar- 
ison to that of patients who received LDH every 12 
hours, the confidence intervals overlap, and it 1s doubt- 
ful that the difference is real. With regard to wound 
hematomas, the incidence was itdentical—with LDH 
administered every 12 hours,+ 226 of 3272 patients, or 
6.9% (95% CI, 67.8%), had hematomas, and with LDH 
administered every 8 hours,!*!4°7%8.73-76 211 of 3048 pa- 
tients, or 6.9% (95% CI, 6-7.8%), had hematomas. Thus. 
while there appeared to be a dosage effect with regard to 
the beneficial effects of LDH in reducing DVT, this was 
no apparent increase in hemorrhagic complications. 


Dextran 


Ten randomized, controlled trials of dextran, involv- 
ing over 1500 general surgery patients were available for 
analysis (Table 3). In seven of these trials, dextran 70 
(mean molecular weight, 70,000) was used;37-*7:3*. 
83,84,85,86 in two, dextran 40 (mean molecular weight, 
40,000) was used;!**’ and in another, both preparations 
were evaluated.’ Because both are probably equally ef- ` 
ficacious® in preventing venous thromboembolism, the 
data from all ten studies were pooled. In these studies, 
dextran (500-1000 ml) was administered intravenously 
over a period that began during operation and contin- 
ued for 2-6 hours afterwards. It was then infused daily 
(usually 500 ml) for 1-7 days. 

The incidence of DVT (+FUT) was 15.6% among 
treated patients and 24.2% in controls (p < 0.001) 
(Table 3). In four trials, it was possible to analyze sepa- 


* References 21, 22, 32, 37, 39, 41, 42, 48, 52, 54, 55, 58, 59, 61, 62, 
72, 79. 

+ References 21, 22, 36, 39, 41, 42, 48, 52, 54, 55, 58, 59, 61, 62, 72, 
78, 79, 81. 


232 ‘CLAGETT AND REISCH Ann. Surg. » August 1988 


3 = = st rately patients with malignant disease. In these patients, 

= eo S S treatment with dextran reduced the incidence of DVT 
(+FUT) from 43.7% in controls to 23.4% (p = 0.004). 

PA ae There were too few trials that provided information 

RIN J Sa about AK DVT to analyze this end point. However, 


many trials were designed to test the efficacy of dextran 
in preventing PE. The incidence of PE was 1.2% in pa- 


S C À 2 G = tients treated with dextran and 2.8% among controls (p 
À z 1 J J $ < 0.01). Dextran also prevented FPE; the incidence was 
~se s seg 0.27% in treated patients versus 1.5% in controls (p 
< 0.01). In two studies, the reduction in PE with dextran 
3 2| oa S 2, prophylaxis was either significant’? or approached sig- 
Onl coo oan | nificance,'* and in one that was a double-blind trial, the 
, reduction in autopsy-verified FPE was significant.’ In 
a| ae a ey five trials, the frequency of major hemorrhage was 
i z v a z S stated. Although the incidence was higher among dex- 
DTA J æ 5 tran-treated patients (0.25%) as compared to controls 
z| 159 + SS (0%), this difference was not statistically significant. 
Gi 
© : 2k g g Low-Dose Heparin Versus Dextran 
© i 9 
g E aS a cae Since the data from controlled trials suggest that LDH 
3) alr and dextran prevent PE, it is instructive to analyze data 
k ara Go ii from trials in which the two antithrombotic agents are 
X SLES a £8 directly compared. There were five such trials involving 
Š FIRE a oe over 4800 patients (Table 4). LDH proved superior to 
E dextran in preventing DVT (+FUT), the incidence of 
Š alee So = which was 9.5% in LDH-treated patients versus 21.0% in 
S O | sy ai z z dextran-treated patients (p < 0.001). Most of this differ- 
R A = A d os ence was accounted for by the greater frequency of leg 
È al “los S see DVT among dextran-treated patients. In two trials,!*”° 
4 : l AK DVT was assessed, and in neither was there a signifi- 
SIEIS . . . ee cant difference between LDH and dextran treatment. 
gl 3) S? A Aa Dextran was also equivalent to LDH in preventing PE. 
k £ = 8 TO EE In LDH-treated patients, the incidence of all PE and 
= FPE was 0.82% and 0.42%, respectively, and 0.68% and 
Be x n Do 0.31%, respectively, in dextran-treated patients. These 
213S 8 SG differences between agents were not significant. 
A aS i Major hemorrhage was slightly more common in 
dextran-treated patients. The incidence was 1.8% 
20 among LDH-treated patients versus 2.5% in dextran- 
90 co treated patients. Although this difference approached 
: S D S sa statistical significance (p = 0.07), most of the episodes of 
g Yo Sos - major hemorrhage associated with dextran came from 
mle ENEN one trial,” and a similar trend was not observed in the 
SEN El E other studies. This, coupled with the information from 
controlled trials (which fails to document an increase in 
P: major hemorrhage with dextran treatment), suggests 
3 R ert m R that dextran and LDH are equivalent in this regard. By 
j contrast, there was a twofold increase in wound hema- 
kt oe 5 tomas with LDH treatment (Table 4). The incidence of 
z 5 z Ẹ F wound hematoma was 3.5% with dextran treatment and 
Sl FF Be z 7.0% with LDH treatment (p < 0.001). The increase in 
Uj g z$ Bh 88 wound hematomas with LDH treatment was observed 
Wi >>od — ap . i 
AA < ES in four of the five studies. 
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HDHE Versus Low-Dose Heparin : oa 3 > 3 
A E š > . oO O 
Nine randomized trials involving over 1600 general V V 
surgery patients compared HDHE and LDH (Table 5). 
In seven trials 486463:72,74,78,8 the HDHE combination +R So 
R O © m 2 


5000 units of heparin plus 0.5 mg of dihydroergotamine 
was administered subcutaneously 2 hours before and 


every 12 hours after operation. In two trials, the heparin 5 See gf 
dose in HDHE was reduced to 2500 units and the com- el tar Ta 
bination agent administered after surgery every 8° or 12 a 982 3° 
hours.’® In the groups randomized to receive LDH eS 
alone, the dose was 5000 units administered subcutane- ae 
ously 2 hours before operation and every 12 hours (three Oo = = i = = 
studies)****°> or every 8 hours (six studies)*?-!8>-87.89-%9 oe 
after operation. s_e 

HDHE was superior in reducing the frequency of leg Soe! ae 
vein thrombi; the incidence of DVT (+FUT) among S aad TY 
patients treated with HDHE was 9.0%, as compared to SISS oa 
14.5% in patients treated with LDH (p < 0.001) (Table 
5). There were not enough data from these trials for 3 a| 3 ae 
subgroup analysis to determine if there were differences 5 ži 5| 8 2 = abe 
between HDHE and LDH in reducing AK DVT and the ti ee es iea 
incidence of DVT (+FUT) in patients with malignant X j 
disease. However, the occurrence of PE was docu- Š a Min 9 @ 
mented in eight of these studies. There was no signifi- fi SIZAS F F 
cant difference in the incidence of PE, which was 2.0% > E gar gF 
in patients treated with HDHE and 2.8% in patients s 
treated with LDH (p = 0.37). g Pe S = 

Of interest was an apparent difference in the fre- = z x = S ee 
quency of hemorrhagic complications. The incidence of X el SSN dd 
major hemorrhage was 0.26% in patients treated with Tj g| | Seg ze 
HDHE and 1.6% in those treated with LDH (p = 0.007). $| 8 
Although this appears to be a dramatic difference, nine s| x| 2 88 oa. 
of the 12 cases of major hemorrhage in patients treated NI 2] BS] Hee as 
with LDH came from one trial’* and when these data i F Bee eS 
were excluded, the incidences were equivalent. Further- =a 
more, the much larger body of data from randomized a Bl aa ee iS 
controlled trials demonstrates that LDH, whether ad- § Tae aa 

koa a 3 NN ™ A an oA 
ministered every 12 or 8 hours, does not cause major oe a A 
hemorrhage. The data concerning wound hematoma are 
more convincing, however. There was a twofold in- 
crease in wound hematoma in patients treated with a CSR Of 
LDH (7.2%) as compared to those treated with HDHE Soon ne 
(3.2%) (p = 0.004) (Table 5). This finding was consistent sl ggg cd 
in tbat in four of the five trials that assessed this end viyy re 
point, wound hematomas were observed more often in EEE EF 
patients treated with LDH. The remaining trial was the 
smallest and no hematomas were seen in either group.”? -a 

SE ANN NN 
Intermittant Pneumatic Compression 
~ 5] 

There were nine randomized trials involving more = 5 ER 
than 900 general surgical patients (Table 6). Five of a) F 5 £ 
these trials were controlled, and four were trials in which t x 2 m 55 ; 
patients treated with IPC were compared with patients AZES = 
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receiving LDH. In the literature, there are other trials in T 
which individual legs of patients were randomized to È = S 
receive IPC (with the other leg serving as the control), 
but these trials are not included in our report. Although až 
different devices were used by the investigators, all pro- È aS 
vided rhythmic external extremity compression (one An, 
compression lasting about 10 seconds per minute) with S Aa 
inflation pressures of 35-40 mmHg. Most devices were 2 ce 
applied only to the legs. In two studies, the device was a a se 
sequential system that compressed the legs and thighs ~ 
and was complemented by elastic stockings.’”'°° In all 42 oo 
studies, the device was used intraoperatively and con- Sg > o 
tinued for 1-5 days after operation. 2h ae 

IPC was effective in reducing the frequency of leg S 2 g 
DVT; the incidence of DVT (+FUT) was 9.9% in pa- se et a 
tients receiving IPC, as compared to 20.3% in control s| 2 2 2 
patients (p < 0.001) (Table 6). IPC also appeared effec- E 
tive in patients with malignant disease. On subgroup 6 8 mnie 
analysis of the pooled data from four trials, the inci- g S AA 
dence of DVT (+FUT) was 12.8% in patients with ma- 5 S oe 
lignant disease receiving IPC, as compared to 21.0% in 4 < 
controls (p < 0.04). There were too few data available to 3 E L S 
analyze the effect of IPC on the end points of AK DVT = a S = 
and PE. È ü 

In the four trials in which IPC was compared x S R R 
with LDH, there were nonsignificant trends suggesting = e < pÀ 
that. IPC was more effective in reducing DVT >l eliS $ © 
(+FUT).4%7178:-100 In pooling the data (Table 6), a signifi- $ £ — = 
cant difference was observed; the incidence of DVT Š 3 Be 
(+FUT) was 6.9% in patients receiving IPC and 13.3% k > 2 a $ 
among those treated with LDH (p < 0.04) (Table 6). S| $| £ X 
Because the number of patients in these trials was small D S 
and because the incidence of DVT in the patients re- A = 3 Q Q 
ceiving LDH was higher than expected (the data of * E > Ss 
Table 2, shows an incidence of 8.7%), it cannot be reli- Aa 
ably concluded that IPC is more effective than LDH in N 
preventing DVT (+FUT). P ay Le 

Q - 0O 
2 2 

Elastic Stockings Š S x 

The results of four randomized trials evaluating elas- z A a 
tic stockings were pooled (Table 7). In these trials in- nA 
volving over 500 patients, patients wearing periopera- z 
tive elastic stockings were compared to control patients $ E ton 
not receiving specific prophylactic measures. Trials in 3 
which one of any given patient’s legs were randomized fee 
to receive elastic stockings (with the unstockinged leg 5 R z 
serving as the control) were not included. Stockings were æ EE 
fitted and applied 1 day before surgery and were worn k >p 
throughout the operation and the postoperative period, aA A 
until the patient was fully ambulatory or discharged. g 
Except in one study where below-knee stockings were al E 
worn, the stockings were of the graded compression type 5 Bue oe 
and extended above the knee.” The overall incidence of = : 5 E 5 
DVT (+FUT) in patients wearing stockings was 9.3%, O < 
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and 24.5% in controls (p < 0.001). The findings were 
consistent in that all four trials demonstrated a reduc- 
tion in DVT (+FUT). There were too little data to assess 
other thromboembolic end points, and too few compar- 
ative trials to assess whether elastic stockings were equiv- 
alent to other prophylactic methods. 


Aspirin 


Five randomized, controlled trials of aspirin involving 
over 700 patients were available for analysis (Table 7). 
In two of these trials, aspirin was combined with dipyri- 
damole.*”* The dosage of aspirin was 1.0-1.3 g daily in 
divided dses and was started before surgery in all but one 
study.!™ The incidence of DVT (+FUT) was 20.4% 
among aspirin-treated patients and 23.3% in controls (p 
= 0.33). There were too few data to assess other throm- 
boembolic end points. In the two studies in which 
aspirin was combined with dipyridamole, a greater re- 
duction in DVT (+FUT) was observed, and in one,” the 
reduction was significant. 


Discussion 


As shown in the pooled data of Table 1, venous 
thromboembolism is common among patients not re- 
ceiving prophylaxis. It should be recognized that the 
incidences of thromboembolic end points among con- 
trol patients from randomized trials are not applicable 
to all general surgery patients. In most trials, only pa- 
tients over the age of 40 years having major surgery were 
entered. In many trials, to increase the frequency of end 
points for analysis, attempts were made to enter only 
those patients with risk factors for venous thromboem- 
bolism. In this sense, these incidences represent those 
expected in moderate-to high-risk general surgery pa- 
tients. On the other hand, these data may cause the 
incidence of AK DVT and PE to be seriously underesti- 
mated. This is because all patients were followed with 
the FUT, so that when this test became positive, most 
patients were treated with anticoagulant therapy. This 
would have reduced proximal extension of DVT and 
prevented PE. Intensive surveillance with noninvasive 
tests is an effective, albeit expensive, strategy for pre- 
venting PE,’ and the incidences of thromboembolic 
complications in control patients reflect the results ex- 
pected with this method of prophylaxis. Presumably, the 
incidence of PE would be higher in general surgery pa- 
tients receiving neither surveillance nor specific prophy- 
laxis. 

Do North American general surgery patients have a 
lower incidence of venous thromboembolism than their 
European counterparts? This question is raised by the 
data that demonstrate the twofold increase in incidence 
of DVT (+FUT) among patients from European studies 
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(Table 1). The discrepancy has been noted by 
others®”'°2 and has never been satisfactorily explained. 
It is unknown whether this represents selection bias in 
entering patients into trials (with higher risk patients 
entered in European trials), true regional differences in 
the incidence of venous thromboembolism, or differ- 
ences in standards of care. Because DVT (+FUT) may 
be considered a marker for more clinically relevant 
thromboembolic end points such as PE,’ it is possible 
that the risk of PE is lower in North American general 
surgery patients. Although this has never been docu- 
mented, the assumption that the risk of venous throm- 
boembolism is lower in this country has been a major 
obstacle to surgeons’ acceptance of routine prophylaxis.* 
Of the prophylactic methods evaluated, LDH has 
been studied the most completely. From pooled analy- 
ses (Table 2), LDH reduces significantly the incidence of 
DVT (4 FUT), AK DVT, PE, and FPE in general sur- 
gery patients. The reliability of these conclusions is rein- 
forced by the large number of studies using phlebogra- 
phy to confirm the FUT, the consistency of the results 
from double-blind studies, and the autopsy verification 
of FPE in studies assessing this end point. The data 
suggest that there is a dose effect in that LDH adminis- 
tered every 8 hours is more effective in preventing DVT 
(+FUT) than is LDH administered every 12 hours. Al- 
though this conclusion is not supported by randomized 
trials comparing LDH administered every 12 hours with 
LDH administered every 8 hours, it is consistent with 
reports demonstrating superior DVT prophylaxis with 
increased doses of heparin in high-risk patients.®:!% 
Despite its effectiveness, LDH causes wound hema- 
tomas. This conclusion is supported by meta-analysis of 
open and double-blind trials that documents a 1.5-4- 
fold increase in wound hematomas in patients treated 
with LDH (Table 2). Although this finding is neither 
surprising nor alarming, the potential seriousness of this 
complication has not received appropriate emphasis in 
the past. The frequency of wound hematomas is high 
enough that the risk:benefit ratio must be carefully con- 
sidered in many general surgery patients. These would 
include patients with impaired hemostasis; patients in 
whom prosthetic material is being implanted and where 
a hematoma might become infected and lead to an in- 
fected prosthesis; patients undergoing procedures in 
which there is a high likelihood of wound infection (con- 
taminated and clean-contaminated cases) and where a 
hematoma could lead to wound sepsis and impaired 
healing; and patients with compromised immune func- 
tion (from cancer, malnutrition, or active immunosu- 
pression) who are prone to wound infection. Patients 
such as these comprise a large proportion of general 
surgery patients and, unfortunately, are frequently at 
high risk of perioperative venous thromboembolism. 
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Physicians caring for such patients must carefully con- 
sider, on an individual basis, the risks of hemorrhage 
versus the risk of DVT and PE. Alternate methods of 
prophylaxis that do not carry an increased risk for 
wound hematoma should be considered. 

Because it is expensive and cumbersome to use, dex- 
tran has never been a popular antithrombotic agent for 
general surgery patients. This is surprising because, next 
to LDH, it is the most completely studied prophylactic 
method in randomized trials and the results of meta- 
analysis suggest that it 1s effective in preventing PE and 
FPE (Table 3). Paradoxically, the pooled data from 
comparative studies (Table 4) suggest that dextran and 
LDH are equivalent in preventing PE, but that dextran 
is significantly less effective in preventing leg DVT. 
These data suggest that dextran prevents growth and 
extension of venous thrombi but does not prevent the 
onset of thrombosis. Such a view is consistent with the 
finding that a principal action of dextran is interference 
with fibrin polymerization,’ '! such that formed clots 
are more easily lysed.'®’ By contrast, LDH is thought to 
inhibit thrombogenesis.'°* Although both dextran and 
LDH may interfere with hemostasis, wound hematomas 
are significantly less common with dextran prophylaxis. 
This advantage might offset the expense and cumber- 
some aspects of dextran treatment in selected patients in 
whom hematomas would be particularly undesirable. 

HDHE is more effective than LDH in preventing leg 
DVT (+FUT). Does this mean that it is a superior pro- 
phylaxis of the more serious problems of AK DVT and 
PE? From comparative data, LDH and HDHE appear 
to have an equivalent effect on the incidence of PE 
(Table 5). Most of the patients in these studies were 
moderate-risk general surgery patients. HDHE has been 
shown to be effective in preventing DVT in some high- 
risk patient groups (orthopedics) where LDH alone is 
relatively ineffective.” This suggests, indirectly, that the 
greatest advantage of HDHE over LDH in preventing 
PE would be realized only in high-risk general surgery 
patients. 

The one half reduction in wound hematomas with 
HDHE when compared with LDH (Table 5) is of inter- 
est. Investigators have suggested that the lower incidence 
observed with HDHE was due to the administration of 
less heparin; in most comparative trials, HDHE was ad- 
ministered every 12 hours (10,000 units/day), whereas 
LDH was administered every 8 hours (15,000 units/ 
day).”™476 However, as shown by the pooled data of 
LDH trials, there is no difference in the incidence of 
wound hematomas between the two LDH regimens. It is 
possible that dihydroergotamine may have a hemostatic 
effect, presumably by vasoconstriction, that protects 
against wound hematoma formation from subcutane- 
ous heparin. In general surgery patients particularly vul- 
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nerable to wound hematomas and associated complica- 
tions (wound sepsis and dehiscence), HDHE may be 
preferable to LDH. 

IPC is a very attractive method of prophylaxis because 
there is no risk of hemorrhagic complications. It is not as 
well studied in randomized trials as LDH, dextran, and 
HDHE. However, according to available data, it is ef- 
fective in reducing leg DVT (+FUT) in general surgery 
patients and in high-risk patients with malignant disease 
(Table 6). There is even a suggestion that IPC may be 
marginally superior to LDH in preventing DVT 
(+FUT), but this conclusion is not firm because of the 
small numbers of comparative trials involving small 
numbers of patients. It is unknown whether IPC can 
prevent PE in general surgery patients, but if leg DVT 
(+FUT) is a valid marker for PE,!° this would be the 
case. IPC has also been shown to be highly effective in 
other high-risk patient groups (orthopedics and neuro- 
surgery), !0%110 

Graded compression elastic stockings reduce the inci- 
dence of leg DVT (+ FUT) but too few data are available 
to assess their protective effect on AK DVT and PE. 
Patients with malignant disease and other high-risk con- 
ditions have not yet been evaluated in sufficient num- 
bers to allow any conclusion with regard to the efficacy 
of elastic stockings in these clinical settings. In fact, in 
two of the studies pooled in Table 7, some high-risk 
patients were specifically excluded.!'!” Further clinical 
trials are needed in order for us to know if elastic stock- 
ings are effective in such patients. Because elastic stock- 
ings are free of side effects and are relatively cheap, it 
would also be important to know the efficacy of elastic 
stockings in comparison with other methods of prophy- 
laxis. 

Aspirin alone or in comparison with dipyridamole 
appears ineffective. While individual trials have re- 
ported variable reductions in DVT (+FUT), the aggre- 
gate data (Table 7) demonstrate no beneficial effect. 

Because of limited clinical experience, new prophy- 
lactic methods that may have greater antithrombotic 
effectiveness and a lower incidence of hemorrhagic side 
effects are not included in this meta-analysis. The use of 
combinations of established methods (particularly at- 
tractive because the prophylactic may be summative) 
are also excluded. Since this analysis involves reworking 
of older data and ignores these newer approaches, it may 
be viewed as incomplete. However, the data base should 
provide a framework that will be helpful in evaluating 
newer approaches to prophylaxis in general surgery pa- 
tients. 

Another limitation of this report is that the conclu- 
sions reached are weakened by inherent shortcomings of 
meta-analysis. While these shortcomings are detailed in 
a recent report,!? it is worth emphasizing that the meth- 
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odology, as applied here, involves a retrospective look at 
prospective data. As such, it can never be as scientifi- 
cally sound as a well-designed, randomized prospective 
clinical trial of the total number of patients presented in 
the meta-analysis. The main shortcomings include the 
probability of inhomogeneity of patient populations 
_ among different studies, variations in expertize and 
methods of detection and reporting of end points, and 
the potential for bias because of inclusion of nonblinded 
trials. Despite these and other limitations, meta-analy- 
sis, applied properly, can provide new insights and clini- 
cally relevant information where randomized trials 
would be impractical or where randomized trials have 
been performed but have yielded inconclusive or con- 
flicting results. 
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Peripheral Vascular Surgery. Wade C. Lamberth and Donald 
B. Doty. 341 pp. Chicago: Year Book Medical Publishers, 
1987. $65.00. 


IN PERIPHERAL VASCULAR SURGERY, it is the authors’ intent 
to provide a practical atlas of operative peripheral vascular 
surgery. They have done so with admirable simplicity and 
clarity, yet this book is more attractively priced than many 
currently available volumes. Its simplicity is preserved in part 
by the exclusion of discussions regarding operative indications, 
pathophysiology, results, and specific complications. The il- 
lustrations are of excellent caliber and consistently highlight 
the important landmarks of each phase of the procedure de- 
scribed. The volume should prove highly useful to residents 
and fellows in various stages of surgical training. 

This step-by-step operative atlas of vascular surgery covers 

the full spectrum of elective peripheral vascular reconstruc- 
tion, along with the operative management of venous insuffi- 
ciency, sympathectomy, amputation, and fasciotomy. Particu- 
larly noteworthy are the excellent sections devoted to recon- 
struction of the brachiocephalic vessels and the management 
of popliteal artery entrapment, neither area necessarily well 
covered in other comparable atlases. The management of vas- 
cular trauma as a distinct entity, however, is not specifically 
addressed. First rib resection for thoracic outlet syndrome is 
beautifully illustrated, but the supraclavicular approach is not 
represented. The chapter on elective management of aortic 
aneurysms illustrates a technique for proximal control neces- 
sitating circumferential dissection of the proximal infrarenal 
aorta. This technique is considered outdated by many sur- 
geons, who prefer the minimal dissection technique illustrated 
in the section on ruptured aortic aneurysm. The method of 
retroperitoneal exposure of the infrarenal or suprarenal ab- 
dominal aorta is not specifically illustrated, but may be in- 
ferred from an otherwise excellent section on management of 
thoracoabdominal aneurysms. 
_ With the few relatively minor exceptions mentioned, this 
atlas represents an excellent practical summary of most of the 
commonly performed vascular procedures and should prove a 
valuable and readily accessible operative reference for most 
general and vascular surgeons. , 


ANTHONY D. WHITTEMORE, M.D. 
Boston, Massachusetts 


Oxford Textbook of Medicine Volumes 1 and 2, 2nd Ed. D. J. 
Weatherall, J. G. G. Ledingham, and D. A. Warrell. 3707 pp. 
New York: Oxford University Press. 1987. $135.00. 


It is a privilege to review the second edition of this world-class 
textbook of medicine. It attains its goal of relevancy to the 
practice of global medicine. With modern transportation and 
the rapid interchange of people and place, there is a need for 
just such a book. It covers a large breadth of topics and of 
sufficient depth for most practitioners (with the exception of 
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specialists, for whom the monograph is essential). The writing 
style has the clarity and simplicity characteristic of the English 
scholar, ‘and this is a credit to the three editors who have uni- 
fied the diverse styles of their 512 contributors, 80 of whom 
have addresses outside of the United Kingdom. Its two vol- ` 
umes are veritable tomes, with 28 sections and an index of 114 
pages each, with four columns of fine print, indexed and 
cross-indexed to satisfy the most demanding search. As one 
might expect, most references are from outside of the United 
States. 

One can practice high quality contemporary medicine using 
this textbook as the single source of medical information. The 
many sections that might be of particular interest to the sur- 
geon include infections, pharmacology and therapeutics, 2as- 
troenterology, and some subsections on cardiology and inten- 
sive care. The appendices provide the normal ranges of 
common and uncommon values for laboratory data determi- 
nations, which are needed at times by all who practice, 
whether in surgery or medicine. As is true for all publications, 
a few typographical errors appear, such as maternity instead of 
maturity onset of diabetes of the young (MODY), page 4.32, 
and resin for renin on page 6.32. . 

Surgeons, particularly those with a broadly based practice, 
would benefit by having access to this medical resource, prefer- 
ably through a library because of its size and expense, but if a 
library is not available, group or individual ownership is never- 
theless recommended. The Oxford Textbook of Medicine may 
be of even greater use to those who practice in remote areas. In 
terms of scope and comprehensiveness, there is no other mad- 
ern textbook of medicine that even begins to approach it. 


JOHN W. RUNYAN, JR., M.D. 
Memphis, TN 


Diseases of the Liver 6th Ed. Leon Schiff and Eugene R. 
Schiff. 1536 pp: Philadelphia: J. B. Lippincott. 1987. $125.00. 


THE SIXTH EDITION OF Diseases of the Liver, edited by Drs. 
Leon and Eugene Schiff, must be the definitive reference for 
the diagnosis and treatment of hepatic disease. Published by 
J. B. Lippincott, the text includes 44 chapters written by 79 
contributors, many of whom are considered leaders in their 
fields. 

This mammoth text includes the original prefac2 to the first 
Edition. In this preface, Dr. Leon Schiff writes, “The book is 
not intended to be encyclopedic in nature but rather the ex- 
pression of present-day information pertaining to various 
aspects of liver disease.” Perhaps this was the intention in 
1956, when the first edition was published; however, between 
the time of the first to that of the sixth edition an encyclopedia 
has been created, both in the number of contributors (from 28 
to 79) and pages (from 738 to 1477). Invariably, this change is 
due to the rapid growth of the field of liver disease and the 
many advances that have taken place in recent years. 

From the first chapter by Aron Rappaport, dealing with 
anatomical considerations emphasizing the functional aspects 


242 


of the acinar unit to the newer chapters on gastrointestinal 
endoscopy and liver transplantation, updated material is pre- 
sented. Illustrations are of excellent quality and are sufficient 
in number to supplement the text. Particularly commendable 
was the chapter by Drs. Taylor, McCarthy, and Neuman on 
the noninvasive imaging of the hepatobiliary system, which 
includes excellent examples of radiocolloid, ultrasound and 
CT images of various disease states, along with diagnostic or 
pathologic correlation in many instances. This chapter also 
emphasizes the emerging role of magnetic resonance (MR) 
imaging. Reference lists tend to be exhaustive (e¢.g., there are 
1108 references in the chapter on viral hepatitis), but as a 
starting point for researching these topics, they are an invalu- 
able resource. 

The surgery oriented chapters are written by well-known 
experts in the field (7.e., Dr. Francis Moody on postoperative 
jaundice and Dr. Thomas Starzl on liver transplantation). One 
glaring omission, however, is the exclusion of surgical ap- 
_ proaches for the treatment of portal hypertension in the 
chapter by Dr. Telfer B. Reynolds. This should be included in 
a text of this magnitude. Appropriate emphasis is given to the 
expanding role of endoscopic approaches to the management 
of hepatobiliary disease. 

In summary, the sixth edition of Diseases of the Liver repre- 
sents a complete reference to the diagnosis and treatment of 
liver diseases. The information provided should be useful to 
the medical student as a reference source and to the practicing 
surgeon who concentrates on hepatic and biliary resection. 
This definitive textbook should also be included in any com- 
plete medical library. 


DOUGLAS S. REINTGEN, M.D. 
Tampa, Florida 


Principles and Practice of Surgical Stapling Mark M. Ravitch 
and Felicien M. Steichen. 539 pp. ene Year Book Medi- 
cal Publishers. 1987. $65.00. 


_ THIS BOOK IS A COMPILATION of manuscripts presented in 
1986 at the first International Symposium on Stapling in Sur- 
gery. Drs. Mark Ravitch and Felicien Steichen, leaders in the 
research and clinical practice of stapling, assembled partici- 
pants from around the world, who not only provided expertise 
in stapling techniques, but were acknowledged as outstanding 
figures in their respective specialty fields. The 539-page book is 
divided into five sections: General Principles, Benign Esopha- 
geal Disease, Carcinoma of the Esophagus, Pulmonary Resec- 
tions, and Colorectal Surgery. 

Ravitch begins the first section on General Principles by 
presenting a commentary on the background for the mucosa- 
to-mucosa stapled anastomosis, the efficacy and safety of 
which he played an instrumental part in demonstrating. While 
Ravitch dismisses studies on bursting pressure as “artificial,” 
and states that they “bear no relation to the natural stresses,” 
he provides only a minimal amount of his own extensive data 
which would help to corroborate his views. An extensive dis- 
cussion of this data has been presented elsewhere (Steichen F., 
Ravitch M: Stapling in Surgery. Chicago, Year Book Medical 
Publishers, 1984), but a synopsis of the sequential steps leading 
to the clinical acceptance of stapling, including key supporting 
data, would have been optimal. In Chapter four in which he 
presented experimental animal data, the unmistakable impli- 
cation is that stapled anastomoses could be performed safely in 
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the presence of gross contamination with active intraperito- 
neal infection. Even avid supporters of stapling in general 
might take exception to this concept. 

One potential problem of stapling is the attitude “‘let’s see 
what the gadgets can do.” That this is a problem was my 
reaction to a few chapters, such as Netter’s chapter on Com- 
bined Abdominal and Anterior Perineal Approach for Co- 
loanal Anastomosis (53% rate of anastomotic leak), and Stei- 
chen’s chapter on Sequential Anastomosis (relying on a single 
staple line to approximate four layers of bowel makes me ner- 
vous [Fig. 3.1]). Although development of innovative staple 
techniques is important and exciting, primary emphasis must 
still be placed on providing a sound basis for the common but 
critically important “routine” anastomosis. 

Controversial but thoughtful reviews of stapling for control- 
ling esophageal varices are presented by Johnston and Del- 
Guercio. The outstanding two chapters on esophageal diseases, 
presented by Dr. Wong and Dr. Ginsberg, review esophageal 
carcinoma. Their two series, including problems and precau- 
tions, specifically with the round, intraluminal stapler, are 
clearly and succinctly presented. 

The eight chapters dedicated to pulmonary stapling are 
somewhat uneven in quality. The preoccupation with at- 
tempting to prove the safety and efficacy of stapling as superior 
to hand-sewn techniques is, again, unconvincingly presented. 
In contrast, however, is the excellent chapter by Dr. Todd, 
which overshadows the others. His concise summary of sta- 
pling techniques should be read by all residents learning to use 
staplers in pulmonary surgery. There are few other works that 
have covered the basics, (including the disadvantages and pit- 
falls) as well as this short chapter. 

Dr. Kittle presents a nice description of performing seg- 
mental pulmonary resection and supports the use of the sta- 
pling device in taking the fissure and bronchus, if needed. He 
supports this with data from his own group, which add depth 
to his discussion. Overall, this is a good discussion of atypical 
resections by an experienced general thoracic surgeon. p 

The chapters by Beattie on Wedge Resection of Pulmonary 
Metastases, and by Baldwin on Transpericardial Bronchial 
Stapling clearly emphasize important points and illustrate 
techniques that all general thoracic surgeons should have in 
their armamentarium. 

The section on colorectal surgery deals almost exclusively 
with the round, intraluminal stapler in rectal anastomoses. 
Because this apparently is such a narrow focus, the reader must 
infer that either controversy or unresolved issues exist. Both 
inferences are true. Crossed stapled lines, anastomotic leaks 
and stenoses, as well as other implications, such as local recur- 
rence of carcinoma, are carefully considered in a prospective 
study by Thiede, and retrospective analyses by Polglase, Gor- 
don, Heald, Cutaft, and Wolmark. 

If the reader has accepted the practice of surgical stapling as 
well established and safe, and recognizes that some of the tech- 
niques reviewed require very specialized interest and expertise, 
this volume has notable value. Apparently the relative cost 
impact of surgical stapling was not covered during the sympo- 
sium. Although this subject certainly falls outside the purely 
scientific realm of stapling, surgeons cannot afford to neglect 
this issue, expecially in today’s climate of cost-containment. 

Surgeons who work with the gastrointestinal or pulmonary 
systems will find perusal of this book interesting and stimu- 
lating. 


CLIVE S. GRANT, M.D. 
Rochester, Minnesota 
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Intravenous Anesthesia and Analgesia. Guenter Corssen, J. G. 
Reves, and Theodore H. Stanley. 334 pp. Philadelphia: Lea & 
Febiger. 1988. $48.50. 


I BELIEVE THAT this is the first written text in the United States 
by anesthesiologists on the subject of intravenous (J.V.) anes- 
thesia and analgesia. The authors, who collectively have been 
clinical researchers of narcotics, ketamine, and benzodiaze- 
pines, are well-qualified to write on this subject. Their back- 
ground also explains the emphasis placed on these subjects in 
the book. Indeed, the chapter on ketamine is one of the most 
thorough descriptions of this drug available. Generally, the 
authors fulfill the aims set forth in the preface. 

Reviewed are the history, chemistry, pharmacology and 
clinical applications of the drugs that are used intravenously in 
anesthesiology. Included are drugs currently in use, as well as 
those that are no longer used. Short chapters describe the seda- 
tive-hypnotic drugs that are no longer available, but only one 
paragraph considers the agonist-antagonist analgesic drugs, 
some of which are currently in use. The book is well-orga- 
nized, having appropriate subheadings that are fairly consis- 
tent throughout the chapters. There is liberal and appropriate 
use of tables and figures. The illustrations in the chapter on 
dissociative anesthesia are particularly interesting. Each 
chapter has an extensive reference list, although I am disap- 
pointed that there are very few references that date after 1983. 
(Surely there were articles on these drugs between 1983 and 
1986.) 

The first two chapters provide a good historical background 
for the rest of the book. For the remaining chapters, however, 
chapter-length does not necessarily reflect the degree of usage 
of the drugs described. For example, although the chapters on 
dissociative and neuroleptanesthesia are extensive, these drugs 
or techniques are actually used less than the narcotics, barbitu- 
rates, and benzodiazepines. 

This easy-to-read book is recommended for those interested 
in the pharmacology and clinical use of I.V. anesthetic and 
analgesic drugs. In particular, nurse anesthetists, anesthesiolo- 
gists, surgeons, dentists and all physicians who perform diag- 
nostic and therapeutic procedures that may upset or be painful 
to the patient will find that reading this book will give them a 
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better understanding of the drugs they use, so that they zan 
administer them safely. 


ROBERT FRAGEN, M.D. 
Chicago, Illinois 


Abdominal Intraoperative Ultrasonography. Masatoshi Ma- 
kuuchi. 214 pp. New York: Igaku-Shoin. 1987. $80.00 


GENERAL SURGEONS should note and adopt intraoperative ul- 
trasonography, a new technology. Dr. Masatoshi Makuuchi, a 
general surgeon and pioneer in the development of the field, 
has written a definitive monograph, Abdominal Intraoperative 
Ultrasonography, which is so well-illustrated and clearly writ- 
ten that it will serve as a comprehensive textbook for those new 
to the field. The book, which is only 214 pages long, has multi- 
ple contributors, but is so well-edited that I was not aware of 
the multiplicity of authors until I had finished it. 

Of particular interest are the excellent discussions on hepatic 
anatomy, the development of ultrasonographic technology, 
the intraoperative applications, and the useful examples of 
findings and errors that occurred in the course of hepatic, 
biliary, and pancreatic surgery. 

It is essential that general surgeons adopt this new technol- 
ogy quickly. Ultrasonography can avoid many errors, increase 
the accuracy of intraoperative diagnosis, biopsy, and treat- 
ment, and accomplish this without the delays or dangers of 
radiologic techniques. In experienced hands, intraoperative ul- 
trasonography should prove more accurate and useful than 
intraoperative cholangiography or arteriograms done on the 
table. Foriunately, the technique is not hard to learn and, in 
view of its wide application, not very expensive. 

I recommend the book highly, not only to be read by resi- 
dents and stored in hospital libraries, but also to help practic- 
ing general surgeons learn ultrasonography. For old dogs who 
want to learn new tricks (and who want to avoid having to call 
a radiologist into the operating room), the book is a model 
text: easy and fun to read. Enjoy! 


WALTER J. PORIES, M.D. 
Greenville, North Carolina 


Letters to the Editor 


November 5, 1987 
Dear Editor: 


The article by Drs. Hayes, Bolton, Willis and Bowen pro- 
vides a good overview of the currently accepted natural history 
and operative management of ampullary carcinoma. Their re- 
sults demonstrated that the quality of the pancreatic remnant, 
in terms of the degree of fibrosis and ability to hold sutures 
well, correlated significantly with the rate of leakage from the 
pancreatico-jejunal anastomosis. I would like to take issue 
with their claim that “. . . this is the first report to show in a 
statistically significant way that the status of the pancreatic 
remnant strongly influences the fate of the pancreaticojejunos- 
tomy.” Doctor J. P. Lerut and co-workers actually demon- 
strated this very same correlation in a study of 103 pancreati- 
coduodenal resections, 24 of which were performed for “‘peri- 
ampullary” malignancies? The statistical test used by Dr. 
Lerut was the same as that used by Dr. Hayes, with a greater 
difference actually being found in the former case (p < 0.03). 

I found the study by Dr. Hayes and his colleagues to be very 
informative and would like to thank them for their work. 


ERIC R. FRYKBERG, M.D. 
Jacksonville, Florida 
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November 30, 1987 
Dear Editor: 


We are indebted to Dr. Frykberg for his comments about 
our paper, and for bringing to attention Dr. Lerut’s article, 
which deals with issues similar to those raised by our series. 

However, there are substantive differences between Dr. 
Lerut’s series and our own. Dr. Lerut’s series documents the 
occurrence of 15 pancreatic fistulas in 103 patients who un- 
derwent pancreaticoduodenal resection for a variety of benign 
and malignant conditions. Included among the 15 pancreatic 
fistulas were three patients with a “poor quality” pancreatic 
remnant who were managed by pancreatic ductal occlusion, 
not by pancreaticojejunostomy. Many prior reports have dem- 
onstrated a high rate of pancreatic fistula after pancreatic duc- 
tal occlusion in patients undergoing pancreaticoduodenal re- 
section. If these three cases are excluded from Dr. Lerut’s anal- 
ysis, and the rate of pancreaticojejunostomy leak is compared 
between the group with a fibrotic pancreatic remnant and the 
group with a normal pancreatic remnant, we find that there is 
no significant statistical difference (x* = 2.54, p > 0.1). In 
addition, Dr. Lerut’s series includes two patients who suffered 
fatal pancreatic fistulas after emergency pancreatico-duodenal 


resection for acute necrotizing pancreatitis, an extremely 
high-risk situation that is not encountered in patients under- 
going elective resections for malignant disease. 

Thus, not all of Dr. Lerut’s pancreatic fistulas were true 
pancreaticojejunostomy leaks, and the wide variety of clinical 
conditions dealt with in his article confounds a close compari- 
son with our own series. Our series is a more homogeneous 
group in that all patients had carcinoma of the ampulla of 
Vater, all underwent elective resection, and in every case the 
pancreatic remnant was anastomosed to the jejunum. Thus, 
our series focuses more clearly on the technical problems fac- 
ing the surgeon carrying out a pancreaticojejunostomy after 
pancreaticoduodenal resection for malignant lesions of the 
ampulla. As demonstrated in our paper, in this group of pa- 
tients, construction of the pancreatico-jejunostomy was the 
single most important technical factor influencing the clinical 
outcome of pancreaticoduodenal resection. 


JOHN S. BOLTON, M.D. 
New Orleans, Louisiana 


December 14, 1987 
Dear Editor: 


Dr. Thomas S. Reeve and his colleagues should be compli- 
mented on their excellent paper, “Total Thyroidectomy: The 
Preferred Option for Multinodular Goiter,” published in the 
Annals of Surgery, 1987; 206(6):782, and for their superb re- 
sults. “There were no permanent complications when a total 
thyroidectomy was performed.” These authors certainly dem- 
onstrate that a total thyroidectomy can be performed by expe- 
rienced surgeons with minimal morbidity. I would suggest 
caution, however, in accepting their statement, “We recom- 
mend, therefore, that total thyroidectomy is the procedure of 
choice for multinodular goiter where the entire gland is in- 
volved.” Although multinodular goiter almost always involves 
both lobes of the thyroid gland, one lobe or side is usually 
more involved than the other. During the past few years have 
the authors expanded their definition of indications for total 
thyroidectomy in patients with multinodular goiter or do more 
of their patients currently have extensive bilateral involvement 
of the entire thyroid gland? The authors in the discussion sec- 
tion of their paper state that, “In experienced hands, however, 
the incidence is acceptably low; for example Clark (Ann Surg 
1982; 196:361-370, reports an incidence of 1% permanent 
hypoparathyroidism and no permanent recurrent laryngeal 
nerve damage in 82 consecutive total thyroidectomies. More 
than one third of these were performed for benign thyroid 
disease.” Although this statement is true, there were reasons 
why total thyroidectomy was performed in these patients—the 
most common reason being a history of exposure to low-dose 
therapeutic irradiation. In this population, about 40% of the 
patients will have thyroid cancer but in only 60% will the 
cancer be in the dominant nodule. Because the position of the 
cancer is not always known, the entire thyroid is removed. 

For most patients with multinodular goiter I would recom- 
mend not to perform a total thyroidectomy, the vast majority 
of these patients will do well with a total lobectomy on the side 
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of any dominant nodule or suspicious nodule that might be 
cancer by aspiration biopsy cytology, and a partial or subtotal 
resection of the contralateral lobe. Although all large (greater 
than 1.5-2.0 cm) or palpable nodules in patients with multi- 
nodular goiter should be removed, it is not necessary to re- 
move the entire gland. I have one other question. What is the 
authors’ rate of recurrent goiter in patients who have been 
treated by less than total thyroidectomy? 


ORLO H. CLARK, M.D. 
San Francisco, California 


Dear Editor: 


Thank you for the opportunity to reply to Dr. Clark’s com- 
ments. We believe that there is a certain ambivalence in his 
comments in that, while he acknowledges our basic observa- 
tion that multinodular goiter almost always involves both 
lobes of the thyroid gland, he then proposes that multinodular 
goiter should be treated in a manner not in general accord with 
well-accepted surgical principles—-namely, to excise all dis- 
eased tissue when it is surgically safe to do so. This surgical 
tenet promotes the preservation of important anatomic struc- 
tures unless they are involved in the disease process. Hence, 
while it is seen as desirable to perform total thyroidectomy in 
multinodular goiter, if anatomically necessary, a lesser proce- 
dure should be performed on the less affected side. 

As we have pointed out, it is necessary to fully mobilize both 
lobes of the gland to ensure that no residual nodular thyroid 
tissue with growth potential is left in situ after thyroidectomy. 
This is important since “suppressive” therapy with thyroxine 
is not guaranteed to retard remnant growth. 

It is the fundamental pathology of the disease and the ana- 
tomical features of the posterior lobule that have led us to 
expand our indications for total thyroidectomy in benign dis- 
ease, and with increasing experience we are continuing to do 
so. In our unit, the percentage of cases where multinodular 
goiter has been treated by total thyroidectomy has increased 
from 50% in 1985 to 72% in 1987. We have also been able to 
achieve and maintain a morbidity pattern that is at least equal 
to that for subtotal thyroidectomy. 

Dr. Clark rightly questions the rate of recurrence in our 
series of patients who have had less than total thyroidectomy. 
An idea of the rate of recurrence of multinodular goiter and 
the problems it poses can be gained from the following figures 
from our Unit. In the period 1976 to 1985, there were 311 
secondary thyroidectomies performed, 173 of which (56%) 
were for recurrent multinodular goiter. During that same pe- 
riod, the total number of operations for multinodular goiter 
was 853; thus, over 20% of the surgeries performed for multi- 
nodular goiter was for recurrent disease. Of the patients who 
experienced recurrences, 64 (37%) had their initial surgery 
performed in this unit, and the remainder elsewhere. When 

‘one considers that the complication rate for secondary thy- 
roidectomy is considerably greater than that for the initial 
procedure,' we believe that, in the patient with disease involv- 
ing the entire gland, a total thyroidectomy is not only justified, 
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but the preferred option for the patient, provided that the 
surgeon is comfortable with the operation required to meet 
that option. 


T. S. REEVE 
Sydney, Australia 


Reference 
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January 10, 1988 
Dear Editor: 


Since I read some of the issued of the Annals of Surgery with 
some delay, I can only now comment on one of the more 
interesting articles, “A Successful Cardiac Transplantation 
Program Using Combined University and Community Re- 
sources” by L. A. Gray, Jr. et al. Their contribution deserves 
the highest acknowledgement of the reader. The authors’ final 
conclusion——that the orthotopic cardiac transplantation has 
become an effective treatment for end-stage heart-disease— 
seems perfectly right and justifies the enormous efforts of the 
pioneers of this field of medicine and surgery. 

This is why I cannot agree with the first sentence of the 
article, “After the first human cardiac transplantation in 1967 
KR ” 1 citing C. N. Barnard’s report, in which even the 
author did not use the word “first.” But he did use the word 
“successful”! and I could accept the introductory sentence of 
C.. Gray’s article had he used this word, instead. 

The first—and unfortunately, unsuccessful—human car- 
diac transplantation—considering of course the acceptor and 
not the donor, which was a baboon, due to compulsion—wes 
performed by Mr. James Hardy and his team 3 years earlier, in 
1964, and it was published in JAMA.? Unfortunately, since 
1964, this milestone of surgical intervention has been over- 
looked several times, even in American medical literature, (for 
example, in an editorial of American Journal of Diseases of 
Children’). 

It is typical human behaviour to consider as “first” only the 
first success. Whether good or bad, there are many examples of 
this misconception in the history of medicine. The partial gas- 
trectomy is attributed to Billroth (1881), although it was per- 
formed earlier—albeit unsuccessfully—by Rydygier (1880) 
and Pean (1879).* Nor was it Whipple who made the first 
duodenopancreatectomy in 1935, but Sauvé (1908) and 
Kausch (1912),° and the original technique did not include 
gastric resection, as we believe and still perform today. Many 
distinguished surgeons contributed to the so-called Whipple 
procedure.® The pylorus-preserving pancreatoduodenectomy 
is considered Traverso and Longmire’s modification (1978), 
but it was first suggested and performed by Watson in 1942,’ 
as well as successfully performed. And, on your side of the 
Atlantic, who, beside your Oliver Wendell Holmes,’ knows 
our Ignac Semmelweis’s name, who discovered asepsis, long 
before the discovery of germs?” 

Of course, the main point is whether the patient benefits. 
Nevertheless, even here in Hungary, I have had my own strug- 
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gle for re proper acknowledgement of the contribution of the 
surgical team of Jackson. As we know, it is a common human 
weakness to shift the a a why to shift the 


glory? 


M. GERGELY, M.D. 
Szolnok, Hungary 


References 


1. Barnard CN. A human cardiac transplantation. An interim report 
ofa successful operation performed at Groote Schuur Hospital, 
Cape Town. S Afr Med J 1967; 41:1271-1274. 

2. Hardy JD, Chavez CM, Kurrus FD, et al. Heart transplantation in 
man. Developmental studies and report of a case. JAMA 1964; 
188:t132-1140. 

3. Editorial, Am J Dis Child 1986; 140:1105. 

4. Thorwald J. A sebészek évszazada/Das Jahrhundert der Chirur- 
gen/Gondolat Kiadó, Budapest: 1959. 

5. Braasch JW, Rossi RL, Watkins E, Jr, et al. Pyloric and gastric 
preserving pancreatic resection. Ann Surg 1986; 204:411-418. 


6. Fortner JG. Regional pancreatectomy for cancer of the pancreas, 


ampulla, and other related sites. Ann Surg 1984; 199:418-425. 


7. Itani KMF, Coleman RE, Akwari OE, et al. Pylorus-preserving 


pancreatoduodenectomy. Ann Surg 1986; 204:655-664. 


8. Bailey H, Bishop WJ. Notable Names in Medicine and Surgery, 


2nd ed. London: H. K. Lewis & Co., Ltd., 1946. 


February 18, 1988 


Dear Editor: 


I read Dr. Gergely’s letter with interest and would only note ` 
that our intention was to identify the transplantation of the 
first human heart. We are well aware of the milestone contri- 
butions of Dr. Hardy and his team and in no way would 
diminish their significance. 


LAMAN A. GRAY, JR., M.D. 
A. DAVID SLATER, M.D. 
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In intra-abdominal and gynecologic infection 


Does so much for so much less than cefoxitin — 


due to indicated organisms 


CEFOTAN... 


cefotetan disodium | 


For Intravenous or Intramuscular Use 
BRIEF SUMMARY 


INDICATIONS AND USAGE 

TREATMENT: CEFOTAN® (cefotetan disodium) is indicated for the therapeutic treatment of the 
following infections when caused by susceptible strains of the designated organisms: 

Urinary tract infections caused by £ coli, Klebsiella species (including K pneumoniae), Proteus 
mirabilis and Proteus sp (which may include the organisms now called Proteus vulgaris, Providencia 
rettgeri, and Morganella morganii). ; 

Lower respiratory tract infections caused by Streptococcus pneumoniae (formerly D pneumoniae), 
Staphylococcus aureus (penicillinase- and nonpenicillinase-producing strains), Haemophilus influenzae 
sl ampicillin-resistant strains), Klebsiella species (including K pneumoniae), and E coli. 

n and skin structure infections caused by Staphylococcus aureus (penicillinase- and nonpenicil- 
linase-producing strains), Staphylococcus epidermidis,” Streptococcus pyogenes and Streptococcus 
species (excluding enterococci), and E coli. 

Gynecologic infections caused by Staphylococcus aureust (including penicillinase- and nonpenicil- 
linase-producing strains), Staphylococcus epidermidis,” Streptococcus species (excluding entero- 
cocci), E coli, Proteus mirabilis, Neisseria gonorrhoeae, Bacteroides species (excluding B distasonis, 
B ovatus, B thetaiotaomicron), Fusobacterium species,t and gram-positive anaerobic cocci (including 
Peptococcus and Peptostreptococcus speciest). 

intra-abdominal infections caused by £ coli, Klebsiella species (including K pneumoniae*), Strepto- 
coccus species (excluding enterococci), and Bacteroides species (excluding B distasonis, B ovatus, 
B thetaiotaomicron). 

Bone and joint infections caused by Staphylococcus aureus.* 

*NOTE: Some strains of Staphylococcus epidermidis are resistant to cefotetan. 

t Efficacy for this organism in this organ system was studied in fewer than ten infections. 
PROPHYLAXIS: The preoperative administration of CEFOTAN may reduce the incidence of certain 
postoperative infections in patients undergoing surgical procedures that are classified as clean 
contaminated or potentially contaminated (eg, cesarean section, abdominal or vaginal hysterectomy, 
transurethral surgery, biliary tract surgery, and gastrointestinal surgery). 

The prophylactic dose of CEFOTAN should be administered 30 to 60 minutes prior to surgery. In 
patients undergoing cesarean section, CEFOTAN should be administered intravenously after the 
clamping of the umbilical cord. 

If there are signs and symptoms of infection, specimens for culture should be obtained for 
identification of the causative organism so that appropriate therapeutic measures may be initiated. 
CONTRAINDICATIONS 
waa oo contraindicated in patients with known allergy to the cephalosporin group of antibiotics. 
Before therapy with CEFOTAN is instituted, careful inquiry should be made to determine whether the 
patient has raph sige gripas reactions to cefotetan disodium, cephalosporins, 
penicillins, or other drugs. This product should be given cautiously to penicillin-sensitive patients. 
Antibiotics should be administered with caution to any patient who has demonstrated some form of 
allergy, particularly to drugs. If an allergic reaction to CEFOTAN occurs, discontinue the drug. 
Serious acute hypersensitivity reactions may require Cpr and other emergency measures. 

Pseudomembranous colitis has been reported with the use of cephalosporins (and other broad- 
— antibiotics); therefore, it is important to consider its diagnosis in patients who develop 
diarrhea in association with antibiotic use. 

Treatment with broad-spectrum antibiotics may alter normal flora of the colon and may permit over- 
growth of clostridia. Studies indicate a toxin produced by Clostridium difficile is one primary cause of 
antibiotic-associated colitis. Cholestyramine and colestipol resins have been shown to bind the toxin in vitro. 

Mild cases of colitis may respond to drug discontinuance alone. Moderate to severe cases should be 
managed with fluid, electrolyte, and protein supplementation as indicated. When the colitis is not re- 
lieved by drug discontinuance, or when it is severe, oral vancomycin is the treatment of choice for anti- 
biotic-associated pseudomembranous colitis produced by C difficile. Other causes should also be considered. 
PRECAUTIONS 
GENERAL: As with other broad-spectrum antibiotics, prolonged use of CEFOTAN may result in over- 
growth of nonsusceptible organisms. Careful observation of the patient is essential. If superinfection 
does occur during therapy, appropriate measures should be taken. 

In common with many other broad-spectrum antibiotics, CEFOTAN may be associated with a fall in 
prothrombin activity. Those at risk include patients with renal or hepatic impairment, or poor nutri- 
tional state. Prothrombin times should be monitored in patients at risk and exogenous Vitamin K 
administered as indicated. 

CEFOTAN should be used with caution in individuals with a history of gastrointestinal disease, 
rer colitis. 

NFOR ON FOR PATIENTS: As with some other cephalosporins, a disulfiram-like reaction 
characterized by vonka- l sweating, headache, and tachycardia may occur when alcohol! (beer, wine, 
etc) is ingested within 72 hours after CEFOTAN administration. Patients should be cautioned about the 
cal of alcoholic beverages following the administration of CEFOTAN. 

DRUG INTERACTIONS: If CEFOTAN and an aminoglycoside are used concomitantly, renal function should 
be carefully monitored, especially if higher dosages of the aminoglycoside are to be administered or if 
therapy is prolonged, because of the potential nephrotoxicity and ototoxicity of aminoglycoside antibi- 
otics. Although, to date, nephrotoxicity has not been noted when CEFOTAN was given alone, it is possible 
that gla may be potentiated if CEFOTAN is used concomitantly with an aminoglycoside. 
DRUG/LABORATORY TEST INTERACTIONS: A false positive reaction for glucose in urine may occur 

with Benedict's or Fehling’s solution. 

As with other cephalosporins, high concentrations of cefotetan may interfere with measurement of 
serum and urine creatinine levels of Jaffe reaction and produce false increases in the levels of 
creatinine reported. 

CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Although long-term studies in 
animals have not been performed to evaluate carcinogenic potential, no mutagenic potential of 
cefotetan was found in standard laboratory tests. 

Cefotetan has adverse effects on the testes of prepubertal rats. Subcutaneous administration of 
500 mg/kg/day (approx 8-16 times the usual adult human dose) on days 6-35 of life (thought to be de- 
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CEFOTAN® (cefotetan disodium) 
velopmentally analogous to late childhood and prepuberty in humans) resulted in reduced testicular i 
weight and seminiferous tubule degeneration in 10 of 10 animals. Affected cells included spermatogonia E 


and spermatocytes; Sertoli and Leydig cells were unaffected. Incidence and severity of lesions were = 
dose-dependent; at 120 mg/kg/day (approx 2-4 times the usual human dose), only 1 of 10 treated — 4 
animals was affected, and the degree of degeneration was mild. Similar lesions have been observed in 
experiments of comparable design with other methylthiotetrazole-containing antibiotics and impaired 
fertility has been reported, particularly at high dose levels. No testicular effects were observed in 
7-week-old rats treated with up to 1000 mg/kg/day SC for 5 weeks, or in infant dogs (3 weeks old) that 
received up to 300 m ty, IV for 5 weeks. The relevance of these findings to humans is unknown. 
USAGE IN PREGNANCY: Pregnancy Category B: Reproduction studies have been performed in rats 
and monkeys at doses up to 20 times the human dose and have revealed no evidence of impaired 
fertility or harm to the fetus due to cefotetan. There are, however, no adequate and well-controlled 
studies in pregnant women. Because animal reproductive studies are not always predictive of human 
response, this drug should be used during pregnancy only if clearly needed. 

USAGE IN NURSING MOTHERS: Cefotetan is excreted in human milk in very low concentrations. 
Caution should be exercised when cefotetan is administered to a nursing woman. 

PEDIATRIC USE: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS 

In clinical studies the following adverse effects were considered related to CEFOTAN therapy. ' a 
Gastrointestinal gaa occurred in 1.5 percent of patients; the most frequent were diarrhea (1 in 80) 

and nausea (1 in 700). 

Hematologic laboratory abnormalities occurred in 1.4 percent of patients and included eosinophilia N 
(1 in 200), positive direct Coombs' test (1 in 250), and thrombocytosis (1 in 300). foa 
Hepatic enzyme elevations occurred in 1.2 percent of patients and included a rise in SGPT (1 in 150), 

SGOT (1 in 300), alkaline phosphatase (1 in 700), and LDH (1 in 700). 

Hypersensitivity reactions were reported in 1.2 percent of patients and included rash (1 in 150) and 
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itching (1 in 700). res 
Local effects were reported in less than one percent of patients and included phlebitis at the site of 4 
injection (1 in 300), and discomfort (1 in 500). / 


DOSAGE AND ADMINISTRATION 

TREATMENT: The usual adult dosage is 1 or 2 grams of CEFOTAN administered intravenously or intra- 
muscularly every 12 hours for 5 to 10 days. Proper dosage and route of administration should be deter- 
mined by the condition of the patient, severity of the infection, and susceptibility of the causative organism. 
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GENERAL GUIDELINES FOR DOSAGE OF CEFOTAN 


Type of Infection Daily Dose Frequency and Route X 
Urinary Tract 1-4 grams 500 mg every 12 hours IV or IM 

1 or 2 g every 24 hours IV or IM 

1 or 2 g every 12 hours IV or IM ) 
Other Sites 2-4 grams 1 or 2 g every 12 hours IV or IM à 
Severe 4 grams 2 g every 12 hours IV 
Life-Threatening 6° grams 3 g every 12 hours IV 


*Maximum daily dosage should not exceed 6 grams. 


PROPHYLAXIS: To prevent postoperative infection in clean contaminated or notentially contaminated 

surgery in adults, the recommended dosage is 1 or 2 g of CEFOTAN administered once, intravenously, 

30 to 60 minutes prior to surgery. In patients undergoing cesarean section, the dose should be admin- 4 
istered as soon as the umbilical cord is clamped. 

IMPAIRED RENAL FUNCTION: When renal function is impaired, a reduced dosage schedule must be 

employed. The following dosage guidelines may be used. 


DOSAGE GUIDELINES FOR PATIENTS 
WITH IMPAIRED RENAL FUNCTION 
Creatinine Clearance 
mL/min Dose Frequency 
>30 Usual Recommended Dose” Every 12 hours 
10-30 Usual Recommended Dose” Every 24 hours - 
<10 Usual Recommended Dose* Every 48 hours 


*Dose determined by the type and severity of infection, and susceptibility of the causative organism. J 


Cefotetan is dialyzable and it is recommended that for patients undergoing intermittent hemodialy- 
sis, one-quarter of the usual recommended dose be given every 24 hours on days between dialysis "| 
and one-half the usual recommended dose on the day of dialysis. 
HOW SUPPLIED 
CEFOTAN is a dry, white to pale yellow powder supplied in vials containing cefotetan disodium equiv- 
alent to 1 g and 2 g cefotetan activity for intravenous and intramuscular administration. The 1 g dose is 
available in 10 mL and 100 mL vials, and the 2 g dose is available in 20 mL and 100 mL vials. The vials 
should not be stored at temperatures above 22°C and should be protected from light. 
1 gin 10 mL vial (NDC 0038-0376-10); 2 g in 20 mL vial (NDC 0038-0377-20); 1 g in 100 mL vial 
(NDC 0038-0376-11); 2 g in 100 mL vial (NDC 0038-0377-21) 
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to the Association for the privilege of serving as 

your President. As a result of watching many of my 
idols, mentors, and dear friends honored with this posi- 
tion over the past 33 years, I know that this Presidency is 
the highest honor that I could ever achieve. When I 
review the list of members, however, and see the large 
number of idols and mentors who have not been elected 
to high office, although tempted to question the wisdom 
of the nominating committee, I recognize my election as 
another example of the uncommonly good fortune with 
which I have been blessed. 

The presidential address has traditionally been 
awarded this place of prominence on the program anda 
similarly favored place in the Transactions. Having 
reached this summit of my surgical career, J am re- 
minded of the fact that, in mountaineering, many of the 
catastrophic accidents happen when one is descending 
from wherever it 1s he has been. I must take care not to 
bask too long in the sunshine of the summit, but I will 
use a moment of the high of this office before getting on 
with my message. 


| T IS IMPOSSIBLE to express adequately my gratitude 


Presented at the 108th Annual Meeting of the American Surgical 
Association, San Francisco, California, May 2-4, 1988. 

Reprint requests and correspondence: Henry T. Bahnson, Depart- 
ment of Surgery, University of Pittsburgh School of Medicine, Pitts- 
burgh, PA 15261. 

Submitted for publication: May 18, 1988. 
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HENRY T. BAHNSON, M.D. 


From the Department of Surgery, University of Pittsburgh 
School of Medicine, Pittsburgh, Pennsylvania 


I recall, in 1955, at the first meeting I attended as a 
member, when John Gibbon, Jr. was president, Dr. 
Churchill asked that John Gibbon, Sr., a former presi- 
dent, be called upon. This was the only father-son team 
of American Surgical Association presidents in the Asso- 
ciation’s history. Dr. Gibbon, Sr. expressed caution 
about asking an octogenarian to speak. He paraphrased 
a French proverb about guests that I now apply to Presi- 
dential Addresses. They always bring pleasure, if not on 


_arrival, at least on departure. In the minutes to come I 


hope that your anticipation of the first pleasure is not 
matched by the later one. 

Duties of the office are not many nor onerous and, 
with only slightly aberrant meaning of the word, could 
be called fun. As almost everyone knows, the work is 
done entirely by the secretary, to whom I express thanks. 
For one who accepts as a rule of conduct the aphorism 
“Don’t trouble trouble till trouble troubles you”— 
which I think I learned from Will Goodwin—there are 
good reasons for inactivity. The president is elected— 
and elated-—at this time in the spring, after virtually all 
affairs of the Association have been completed for the 
year. A few, often routine matters left over from the 
meeting are quickly dispatched with prompting by the 
secretary. Little is usually then required until the mid- 
winter Council meeting in January. Then he sees, for the 
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first time in my case, the minutes of the last two Council 
meetings of which he was not a member, held under 
direction of the former president. Three or 4 months 
later, after a second meeting of the Council and at the 
time of our annual meeting, the office is entrusted to a 
successor, who in many cases similarly has not been 
privy to deliberations of Council. Life is short for the 
president in the leadership of the Association, and sus- 
taining continuity in conduct of our affairs derives from 
other officers with longer tenure, principally the secre- 
tary, the former presidents who serve on the Council, 
and Chairmen of the ad hoc and standing committees. 
Perhaps some of the inactivity of the Association as a 
body is due to the lack of a reliable and effective means 
of obtaining consensus of the members, many of whom 
supply leadership through other organizations of surgery 
in North America. This is not to suggest that the Associ- 
ation is impotent or without influence. Quite the con- 
trary, through the leadership of its members in other 
organizations, the cumulative influence of the individ- 
ual members is great. However, clout of this Associa- 
tion, per se, whose membership has an unusually high 
density of leadership and prominence in the surgical 
world, is made more meaningful because its clout is 
seldom used. For the same reason, it 1s not an organiza- 
tion to which one often turns for information or action. 

The science of medicine, and more particularly of 
surgery, like our universe, is expanding in every direc- 
tion. Even techniques of surgery, limited as they are, 
steadily take on new dimensions. Delivery of this 
science and these techniques of surgery for the benefit of 
the patient has become exceedingly complex. In the 
jungle of science, craft, socioeconomics, and humanity, 
the character of the American Surgical Association is 
shaped and defined as much by the things it disregards 
as by the activities it joins. Like a work of art where only 
the essentials are retained and distracting trivia are left 
out, the Association has defined its character and role. I 
am reminded of the sketch made by the Hopkins medi- 
cal artist, Leon Schlossberg, of one of the first aortic 
aneurysms I resected. When I first saw it, details were 
lacking, but there were enough of the essentials to cause 
my pulse to race from recall of moments of stress and 
decision. I experienced nothing of this sensation when I 
first saw the completed drawing, now with all the details 
filled in. Perhaps the Association is limned as much by 
what it does not do as by what it does. 

Neither the science and art of surgery nor the socio- 
economic environment in which it is applied have stag- 
nated in the three and a half decades of my attendance at 
these meetings. There are ample challenges and projects. 
Several are fresh in our memories, notably the mam- 
moth Study of Surgical Services in the United States 
(SOSSUS). Roots were planted for this by an activist 
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president, Owen Wangensteen, one who has often been 
described as believing that when things are going well is 
the time to look for change. In 1969, he appointed an Ad 
Hoc Committee on Purpose and Issues under Jonathan 
Rhoads. The following year, their comprehensive, 
broadly reaching report recommended formation of a 
standing Committee on Issues. In 1972, its name and 
focus were changed to become the Joint Committee to 
Study Surgical Services in the U.S., the other side of the 
“joint” being the American College of Surgeons. When 
that study was completed, the earlier Committee on 
Issues was reconstituted in 1975, and then 10 years later, 
the Association endorsed the Council’s recommenda- 
tion that the Committee be disbanded and that the out- 
going president each year present to the Council an 
issues agenda for discussion and debate at the next mid- 
winter meeting of the Council. I briefly recount this saga 
to indicate that the Association, or at least its present 
Council, does not seem to want details of its character 
filled in. l 

Several other events of that 1955 meeting made a 
lasting impression upon me. Dr. Blalock was elected to 
succeed Jack Gibbon as President. It wasn’t unexpected 
to others, but I thought I detected in the Professor, as we 
drove back to Baltimore with some of his staff and resi- 
dents, a sense of letdown if not of brief depression. I 
attributed the feeling to the fact that he had reached the 
summit, having at 56 years of age received all the high 
offices to which he might have aspired. Perhaps he was 
just thinking about his Presidential Address. 

But for a young surgeon who became involved in car- 
diac surgery as a junior assistant resident under the di- 
rection and on the coat-tails of Alfred Blalock, the high 
mark of the meeting was three papers on cardiac sur- 
gery: “Hypothermia in Surgery” by Henry Swan and his 
associates;! “The Surgical Anatomy of Atrial Septal De- 
fects: Experiences with Repair under Direct Vision” 
using hypothermia, by John Lewis, Richard Varco and 
their associates,” and “Direct Vision Intracardiac Surgi- 
cal Correction of the Tetralogy of Fallot, Pentalogy of 
Fallot and Pulmonary Atresia Defects” by Walt Lillehei 
and colleagues,’ four of whom, including Vice President 
Aust, are presently members of the Association. 

These papers were the harbinger of several exciting, 
rapidly moving, challenging, and gratifying decades that 
provided incentive and satisfaction to me and to a 
growing number of budding cardiac surgeons. Over the 
next few years, new surgical procedures were described 
almost every month for previously untreated or poorly 
treatéd conditions. Knowledge of cardiovascular physi- 
ology broadened, and more rewarding, this knowledge 
was directly applied to the care of patients with quick 
returns on the investment made in research. Meetings of 
the American Surgical and other associations became 
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the forums for exchange of new information. Publica- 
tion became too slow a process of communication in 
that era of rapid progress. 

Parenthetically, part of the “low” that I thought Dr. 
Blalock experienced may have been caused by the fact 
that none of the presentations on cardiac surgery, of 
which he was a recognized leader, had come from his 
department. Constructive competitiveness is a trait of 
most members of this Association, but the efforts, the 
many blind alleys, and failures may be better remem- 
bered than the successes. Once an associate returned 
from a meeting and described a taxi ride with the friends 
Owen Wangensteen and Alfred Blalock. Mellow after a 
reception, they commiserated with each other and won- 
dered if they would ever contribute anything important 
to the science of surgery. 

Auspicious also at that meeting was Lloyd MacLean’s 
presentation, with Varco and Good, of homotransplan- 
tation of skin to patients with agammaglobulinemia, 
foretelling success of transplantation in tolerant identi- 
cal twins, and later allotransplantation with immuno- 


suppression.* Four papers on aortic and vascular surgery ` 


included one by DeBakey, Cooley, and Creech on dis- 
secting aneurysms.’ And then there was a presentation 
by Zollinger and Ellison on “Primary Peptic Ulceration 
of the Jeyunum Associated with Islet Cell Tumors of the 
Pancreas” that subsequently led to recurrent titillation 
at meetings of the Association. It was quite a meeting. 

One could not have asked for more exciting, chal- 
lenging, and stimulating eras in which to live than those 
that allowed me to participate as a house officer in the 
early Blue Baby operations, to grow up surgically as 
open-heart surgery was beginning, and then to taper off 
during the last 8 years as transplantation was coming on 
strong. 

In the last year, having crossed the brink of retirement 
from a surgical chairmanship, it has been an appropriate 
time to look back, consider the lessons learned, the debts 
recognized, and the obligations acquired—in brief, to 
speak about the Education of a Surgical Chairman. As 
medical students, we were put in awe of Elliot Cutler, 
who reportedly had said early in life that he would lead 
his medical school class, intern 1n surgery at the Peter 
Bent Brigham Hospital, and be Chief of Surgery at 
Brigham Hospital, all three of which he did. But most of 
us were not so confident and calculating. Certainly not 
in my case. Starry-eyed and idealistic, as most medical 
students are, I had every intention of returning to my 
southern home and the practice of surgery there. I had 
worked with Tinsley Harrison during one summer va- 
cation on the role of the kidney in hemorrhagic shock in 
rats. Ideas and questions were constantly coming to the 
fertile mind of Tinsley Harrison, and in his company, 


one could not avoid being led toward research. He vir- 
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tually obtained for me my internship under Alfred Bla- 
lock, who credited Tinsley Harrison for stimulating him 
into research in their days together at Vanderbilt. So 
with no preparation or goal for anything other than sur- 
gery, I went to Hopkins in the accelerated program of 
World War II time. 

Over the years, that environment has been unusually 
productive of surgical chairmen, especially during the 
chairmanship of Alfred Blalock. Of the men who com- 
pleted general surgical training under him, a remarkable 
number have become departmental chairmen, service 
chiefs, and presidents of this and other major societies. 

One can only speculate about reasons for the produc- 
tivity of academic surgeons during this period of Hap- 
kins’ existence. Was it time, place, persons? The time, 
soon after World War II, was a fertile one, as our na- 
tion’s energies, previously stressed nearly to the utmost, 
turned from an all-out war effort to the many neglected 
needs of peace. 

The place, Hopkins, was at its opening unusual in the 
nation for its dedication to teaching. From its beginning, 
investigation and teaching were prominent goals, but 
when Visiting other places where research had become a 
pre-eminent concern, I have been reminded that, al- 
though Hopkins has a deserved reputation for research, 
excellence in patient care has always been the sine qua 
non. I remind you that the hospital was established 4 
years before the medical school and that dedicatior. to 
patients preceded the dedication to research, although 
certainly from the first the clinicians engaged in clinical 
and laboratory research. Its character 1s partly revealed 
by the large statue of Christ in the rotunda at the en- 
trance, bearing the inscription, “Come unto me al ye 
that are weary and heavy laden and I will give you rest,” 
despite the fact that at the dedication of the hospital, 
there was no invocation and the gift of the statue was 
made several years later. 

In his last public address, Dr. Blalock listed a number 
of beliefs that he wanted to be held in the place where he 
worked. Some of these beliefs were, among others: 


“That quality is more important than quantity. 

“That the accepted philosophy and practice is one that renders 
service to patients, that disseminates knowledge already known 
and that contributes new knowledge. This three-fold charactez is 
essential. 

“That excellent patient care and teaching and clinical research 
are accorded a status of dignity equal to that of so-called basic 
laboratory research. 

“That the full-time members of the hospital staff should consist 
with few exceptions of clinicians who have a great interest in 
patient care and teaching as well as research and vice versa. 

“That departmental empires be avoided and that it be recog- 
nized that every department in the hospital even though autono- 
mous in many respects, is intimately related to and dependent 
upon all the others. 
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“That the paramount consideration is the rendering of the best 
possible care to the human being with a real or fancied illness. If 
this is done, the teaching of students and hcuse officers is not a 
difficult problem.” 


Osler’s description of 50 years previously was quoted 
by Dr. Blalock: “And binding us all together there came 
as a sweet influence the spirit of the place; whence we 
knew not, but teacher and taught alike felt the presence 
and. subtle domination, Comradeship, sympathy with 
one another, devotion to work were its fruits and its 
guidance drove from each heart hatred and malice and 
all uncharitableness.”’’ Perhaps a bit wishful but a good 
point of departure to embark on a chairmanship. 

I have gone to some length to characterize the place 
and the person, Alfred Blalock, because the education of 
most chairmen is by the example of their chief and from 
what they perceive as the best of the environment he 
created. These truths were simple but important in the 
education of a future chairman. I was in a school for 
_ chairmen but did not know it. 

If one views the work of Dr. Blalock’s residents, who 
have in their turn become chairmen and chiefs, they are 
almost to a man known principally as clinical surgeons, 
and to a lesser degree—often much less—as investiga- 
tors. This is to some degree remarkable, given the dedi- 
cation of Alfred Blalock to laboratory investigation, par- 
ticularly in his early years, when he was working on the 
‘problems of surgical shock. To the end, he enjoyed his 
daily visits to the research laboratory and was pleased 
when his residents told him of projects they were pursu- 
ing. There was never a doubt, however, that responsibili- 
ties to the patient came first, although very close behind 
came the obligation to assure that through investigation 
and research, surgery and patient care steadily im- 
proved. His pursuit of research was never very far from 
‘clinical problems. It seems to me that this is the appro- 
priate priority of a surgical chairman. 

From this priority attached to patient care stems the 


close hour-to-hour observation and contact with pa- 


tients and the resulting work ethic that has typified the 
best surgical residency programs and made them-a 
= model worldwide. I recall one day as an assistant resi- 

dent when Rollo Hanlon, the Chief Resident, and I re- 
ported to Dr. Blalock at the end of the afternoon. It was 
a session long enough to permit a little relaxation in the 
comfort of his office. For a few minutes, Dr. Blalock and 
I were engaged in discussion of a matter in which Dr. 
Hanlon was not involved. When our attention turned 
back to Dr. C. Rollins Hanlon, we found him sound 
asleep. We then learned that he had not been out of the 
hospital for the 4 months of his service as Chief Resi- 
dent, and that during that time he had usually slept no 
more than 4 hours a night. Such extreme devotion was 
not required then and is no longer expected of residents, 


BAHNSON 


Ann. Surg. « September 1988 


who now usually have other important obligations, to 
families, society, and themselves. But legislation has 
now been introduced in several states, including Penn- 
sylvania, that would limit the hours that residents might 
work—a sort of “Child Labor Law” for our progeny in 
the practice of medicine and surgery. Such regulation 
counters what surgeons and chairmen have been edu- 
cated to do. Virtually all surgical residents significantly 
exceed the proposed 80-hour limit, certainly if one in- 
cludes the hours when one is on-call in the hospital 
every second to fourth night. 

In addition many, if not most, surgical training pro- 
grams have at least one rotation that regulators would 
censure because of the long hours required to complete 
the work of a busy service. A common refrain of the 
residents on completion of such a rotation, however, is 
“Tm glad to have done it” with the coda “but I wouldn’t 
want to do it again.” In that refrain and coda lie the 
argument against regulation. One grows logarithmically 
on such a service. The intensity of responsibility and 
experience pays large dividends in later practice. Resi- 
dents know it and are willing to exert the effort to reap 
the reward. 

The exceedingly long period of training that became 
customary at Hopkins has shortened in most institu- 
tions to the minimum required by certifying boards. 
Coincidentally, the Boards have established a range for 
the volume of operative work they believe residents 
need in order to gain the competence that will allow 
them to work independently. To provide this volume of 
work in most programs, the number of residents must 
be kept small, thereby increasing individual experience. 
Indeed, they do not have to “do it again,” and only once 
do they have the opportunity—and the obligation. 

The educational opportunity of residency training 
comes from the close observation and contact with pa- 
tients as operations and disease evolve, oftentimes 
quickly. Improved quality of care for the patient derives 
from the same reasons. Good surgery is based on con- 
tinuing responsibility, one that cannot be turned on or 
off by the clock. Residents almost never complain of 
overwork or sleep deprivation, but if there are com- 
plaints, they stem from lack of ancillary personnel, sec- 
retarial, escort, and support services—from having to do 
others’ work as well as their own, especially during night 
hours. The educational opportunity, esprit de corps, and 
ambience of the surgical environment, factors that in no 
small measure depend on the chairman, are more im- 
portant than hours of work in influencing the attraction 
and education of good residents. The quality and num- 
ber of applicants to our surgical program actually in- 
creased as the work load increased. They take pride in 
meeting the obligations that they voluntarily impose 
upon themselves. 
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I am not arguing for long hours per se. That would 
lefeat the primary reason for the residency, which 1s 
ducation. I argue only against the regulation of working 
ours. Evidence that sleep deprivation adversely affects 
esidents’ performance is inconclusive at best. In the 
bsence of possible harm to patients, professionals 
hould not be limited in their efforts to gain experience 
nd to excell in continuity of care. The challenge and 
atisfaction that residents find in their work repay for the 
ime spent and are one reason for the longer hours of 
urgeons and surgical residents. Demands are not light, 
wut the rewards are great. It is the obligation of the 
‘hairmen and chiefs to see that residents are not over- 
vorked, but more important, to assure that they are not 
tbused and burdened with chores that rightfully should 
ye managed by ancillary personnel. 


At about the time I became a fellow of this Associa- _ 


ion, I had what I considered to be the best job in Ameri- 
‘an surgery, Number Two Man in a strong department, 
‘specially one in which the chairman assumed responsi- 
lity for most of the chores in the department, protect- 
ng the time of his juniors. Life changed with the as- 
‘umption of a chairman’s responsibilities and obliga- 
ions. 

Committees of hospital, department, and medical 
school seemed limitless in number. The joys of personal 
zare of one’s own patients were replaced by responsibil- 
ity for the needs of many more. Dedication to care of the 
patient, learned earlier, was enlarged to include concern 
for individuals in the department, placing their interest 
ahead, though only slightly, of that of the department. 
To the pleasures of personal teaching was added the 
responsibility for providing the facilities and the atmo- 
sphere in which others could enjoy opportunities such as 
those I had been given. Goals that had been largely per- 
sonal now had to be replaced’ by goals that I saw as 
contributing to the quality of surgical care in Western 
Pennsylvania and the Tri-State Area. Aspirations for my 
own election to scientific societies were replaced by ef- 
forts to groom and prepare younger associates to qualify 
for membership. Having one of our residents become a 
member of the Society of University Surgeons was an 
early goal that was not soon reached. Now the bulwarks 


of even this august Association have been breached by _ 


graduates of the Pitt residency program. 


When catapulted into the chairmanship, I felt ex- 


pected to maintain a research base, both laboratory and 
clinical, and to obtain grants or practice income to sup- 
port it. Prowess as a clinical surgeon had to be demon- 
strated in the new environment. The income from the 
resulting practice was needed to support departmental 
activities and to recruit necessary people to round-out 
the services of the department. Medical students, resi- 
dents, and surgeons in the community expected teach- 
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ing, and the faculty expected a referee and peacemaker _ 
as well as a procurer and dispenser of space and money. 

Help from friends was a valuable part of education. 
From Frank Spencer came the tenacity and focus on a 
few critical issues needed to correct them. From Ben 
Eiseman came emphasis on critique, morbidity-mortal- 
ity conference. From David Sabiston at Duke came not 
only a fine textbook but also a model of academic group 
practice that had been developed by Deryl Hart, who 
saw the need for academic group practice long before 
most. From fellow intern, Denton Cooley, came recog- 
nition of the value of a sense of humor (which he still 
maintains despite rumors of reversals in the oil business 
and real estate). From John Kirklin came the lesson of 
placing one’s bet—but calculating the odds before doing 
so. There were countless others. 

As with surgical education, continuing education is a 
necessity to a chairman. I owe a special debt to Bernie 
Fisher, who doggedly pursued his research-based con- 
victions about the biology of cancer and altered our 
long-held and cherished tenets as to its surgical treat- 
ment. Mark Ravitch’s skill at forming an opinion about 
everything has been instrumental in shaping my own. 
His prowess with the written word is of incalculable 
value to the department, as it was with the formulation 
of this address. And Tom Starzl has livened the later 
years with excitement and challenges as he more firmly 
established transplantation as a major surgical act of the 
future. Continuing education does not come merely 
from senior faculty, however, but rather from the whole 
spectrum of associates, including interns, especially 
when they come from elsewhere. 

A variety of obligations and avenues for effort are _ 
open to a department chairman, some unavoidable, 
some susceptible of delegation, and some undertaken by 


_ personal choice and preference. One of this last category 
that has given me pleasure has been the opportunity to _ 


work for brief periods in schools abroad. The first expe- 
rience was with Frank Spencer in 1956, when we worked 
in Sydney at the Royal Prince Alfred Hospital to help 
initiate their open-heart surgery program. It was heart- 
warming to see what a little help and support would do 
for an energetic and capable group ready for the adven- 
ture. Similar pleasures came from working at the his- 
tory-encrusted Second Surgical Clinic of the Allge- 
meines Krankenhaus in Vienna in 1963, just as I as- 
sumed the chairmanship at Pitt. At that time, they were 
starting to build the new wing that had been promised to 
Billroth in 1870, almost a century before. I learned that 
chairmen had to be patient. The experience in Vietnam, 
1970-1975, at the University of Saigon was of another 
order. Our effort was to introduce a modern university 
residency training program under the conditions of a. 


_ devastating war. It was both frustrating and rewarding: __ 
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frustrating because the backward environment was 
being pushed even farther backward, rewarding because 
they needed so much, and so little gave such great re- 
wards. All of the trainees of that program who have 
found their way to the United States have established 


themselves in practice, and most have been certified by _ 


the appropriate board. Of still another order, involving 
world affairs and diplomatic considerations as well as 
surgical science and education, was the US-USSR Ex- 
change Program on Management of Congenital Heart 
Disease that was begun with Frank Gerbode. It was 
challenging to work with individuals from a potentially 
lethally competitive nation against a common enemy of 
congenital heart disease. 

Each chairman finds a rewarding sphere of activity 
beyond his usual responsibilities. I have enjoyed, and 
commend to you, international activity for the good 
work one might accomplish, for its broadening cultural 
and scientific rewards, and for the far-flung friendships 
that result. 

As you all know, legislation was passed in this country 
a decade ago limiting the training opportunities avail- 
able to foreign medical graduates. This was done for 
good and sufficient reason, to limit the wholesale emi- 
gration of physicians from parts of the world where their 
services were needed, and also to stem an unneeded 
surplus of physicians in this country. But the undesir- 
able result has been that we have lost our pre-eminent 
position internationally in postgraduate surgical educa- 
tion. Surgeons trained in the U.S. and returning to their 
native lands are among the best ambassadors for the 
United States throughout the world, and in disadvan- 
taged countries, of course, their expertise contributes to 
improved health care and education. I call your atten- 
tion to the Selected Opportunities in Advanced Short- 
Term Training (SOASTT) program of the Educational 
Council for Foreign Medical Graduates (ECFMG), 
which allows physicians who have trained abroad to 
come and work in a fellowship without having to pass 
the difficult Visa Qualifying Examination or the Foreign 
Medical Graduate Examination in the Medical Sciences 
(FMGEMS). The aim is not to release again the flood- 
gates to foreign graduates, but to admit under sponsor- 
ship of educational institutions a selected group of phy- 
siclans who clearly will return to their home environ- 
ment. The experience cannot count toward board 
certification, and patient contact ts incident to observa- 
tion, consultation, teaching, or research. The opportu- 
nity is open for us to recoup with the less privileged 
nations throughout the world some of our role as educa- 
tors and models, and to contribute to improved health 
and professional standards abroad. 

Over the nearly four decades, from my unknowingly 
learning to be a chairman, to actually being one and 
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now looking back, the job of a departmental chairman 
has changed strikingly. In that earlier day, the chairman 
ruled his domain with almost monarchial authority, al- 
though the domain was not as large. Faculty, resident, 
and office staff were all smaller. 

But he was the focal point from which all decisions 
emanated. He controlled careers of his faculty and staff 
without threat of grievance committees. A good exam- 
ple of this is one closest to the heart of a chairman, the 
residency program. Hiring, firing, length and content of 
training, conditions of work—all were his to define. 
Now these are subject to review by hospital, medical 
school, JCAH, Board, and Residency Review Commit- 
tee. Some state boards of licensure even try to get in on 


‘the act. 


The greater complexity of surgical procedures and the 
facilities required have brought with them a necessary 
increase in the number of people, the amount of space 
required, and the budget to support it all. The university 
hospital is on the brink of becoming nearly a giant In- 
tensive Care Unit, since many simpler procedures are 
done on outpatients, more of the hospital beds are used 
by sicker people, and patients needing less complex care 
are held in community hospitals that openly compete 
for their market share. 

The complexity of financial affairs has changed 
beyond recognition. The chairman under whom | grew 
up could manage departmental finances in his own of- 
fice with his personal secretary, with no further clerical 
or administrative assistance. Included were departmen- 
tal salaries and income from grants, gifts, and patient 
fees. Today’s departments, as I perhaps was slow to ac- 
cept, require an efficient businesslike structure—a busi- 
ness manager or executive assistant and his secretarial 
help, reimbursement specialists, reimbursement ana- 
lysts, patient accounts managers, data entry clerks, bill- 
ing clerks, collection clerks, coding clerks—all of whom 
are to fees as fertilizer is to seed. One needs skill to keep 
up with the lexicon of acronyms for patterns of group 
practice and special concessions and discounts in order 
to compete for patients. Perhaps one may more properly 
need an ethicist, one of those newcomers to the health 
center who claims special skills in telling right from 
wrong. 

Research has become vastly more sophisticated, at 
least for one whose basic science foundation dates to 
before World War II. Even in his time, Dr. Blalock 
pointed out that discoveries had been easier to come by 
when he began to work on shock. He was pushing back 
the frontier as he measured cardiac output by the Fick 
principle, studied blood volume, blood gases, and car- 
diovascular physiology. Today we know more about in- 
dividual cells than was known then about the circula- 
tion. Dr. Blalock did not quite persuade me that work 
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iad been easier on his frontier than it is with the finer 
ocus of today. Given the better preparation and the 
ugher level of imaginative knowledge with which stu- 
lents are provided, it is probably no more difficult to ask 
he right question, which is the starting point of re- 
earch. It surely costs more. 

And so although Dick Simmons, to whom the chair- 
nanship was entrusted 8 months ago, has offered to give 
t back at any time, I know it will offer satisfactions to 
um comparable to those I have had. Just as in clinical 
ractice, one suppresses the “down side” and re- 
nembers only the “up.” One remembers the effort to 
ave a patient and suppresses memory of the inability to 
lo so. A chairman wins some and loses some, but be- 
ieves the struggle worthwhile. I recall a passage from 
me of my favorite authors who wrote, after a grueling, 
onflict-ridden, frustrating, and unsuccessful attempt to 
limb K-2: 


“Immediately after we returned, we considered the trip to have 
been simply a miserable failure. The majority of us were sure that 
we would never want to return to Pakistan for climbing of any 
kind. Slowly, though, our memories of the experience began to 
change imperceptibly. These were the kinds of changes that make 
one always remember a trail as shorter, a beach as whiter, or a 
home as larger than it really was. The golden sieve of memory 
gradually softened the harshness of our experience. We remem- 
bered the view of K2 on a clear morning and all but forgot the 
constant grayness of a five-day storm. In our mind’s eye, the light 
from a single Balti smile blinded us to the hundreds of frowns with 
which we were confronted during the long days of the strikes. 

We were experiencing a most remarkable facet of human exis- 
tence: The ability to locate a kernel of joy in a field of sorrow. 
Those who always find the kernel are able to live happy lives no 
matter what they experience. Those who cannot are doomed to 
misery, no matter what other benefits they reap from the material 
world. Both this ability and our highly touted human intellects are 
not so much dependent on our capacity to remember as upon our 
capacity to selectively forget.’ 
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Well I want not to forget the chairmanship, and espe- 
cially I want not to forget this meeting and this pinnacle 
that the chairmanship helped me to attain. Both have 
been all too fleeting. 

In closing, there is a tale of the little boy who came 
home from Sunday School and said to his mother, “Do 
you know what they told me in Sunday School? They 
told me people are made of dust.” “I think that’s right,” 
said his mother. “But Mom,” he continued, “when you 
die they say you turn back to dust.” His mother replied, 
“Tommy, that’s right.” 

He went upstairs and soon came tearing down the 
steps. “Ma, come upstairs! I just looked under the bed 
and somebody’s either coming or going.” 

I’m going. Thank you. 
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Aortic Dissection and Dissecting Aortic Aneurysms 
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Operation was employed in the treatment of 546 patients for 
complications of aortic dissection during the 32-year period of 
1956-1988. Current concepts and operative techniques evolved 
during this period. Fortunately, about half the patients were 
treated during the latter 4 years, as modern therapy became 
standardized. The cumulative survival rate was 86% for all 
patients and 94% for those treated during recent years. Patho- 
logic processes and requirements of operation became clearer 
by treating 174 patients who had had 19& previous operations 
by the time of referral. Reoperation was required for compli- 
cations of operations now considered outdated, heart opera- 
tions in patients with ascending aortic dilatation, and progres- 
sive dilatation of residual segments of the aorta. The 546 pa- 
tients were followed, and a total of 838 operations were finally 
employed, resulting in total aortic replacement in 18, near total 
replacement in 41, entire thoracic aorta m 22, near total tho- 
racic aorta in 33, and the entire thoracoabdominal aorta in 148 
patients. Long-term survival in 439 patients after final opera- 
tion was 66% and 44% at 5 and 10 years, respectively, despite 
the fact that the median age at first admission was 59. Opera- 
tive treatment appears to be well-established for this disease. 


secting aortic aneurysm has been generally ac- 

cepted. Earlier studies of untreated patients 
with acute dissection indicated that, in most cases, death 
occurred within 3 months.' Even among survivors, few 
patients survived the chronic phase more than 5 years 
because of rupture of fusiform aneurysms of the false 
lumen.’ With the development of operative techniques 
and their increasing application, mortality from early 
operation has steadily decreased and long-term survival 
has increased.*? Due to continued refinements in con- 
cepts, techniques of operation, and general supportive 
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measures, early survival from operation is now about 


90% : 10-18 
This report is concerned with the senior author’s ob- 


servations in 614 patients personally treated during the 
period of 1956-1988. The relevance of this experience 
lies in the fact that it extends throughout much of the 
period during which surgical treatment was developing 
and consists, in large measure, of patients from a wide 
referral base who were highly selected because of prob- 
lems such as early and late complications of operations 
performed at the time, recurrence and progression of 
disease or conditions in the region of previous opera- 
tions, extensive aortic dilatation, the frequency of com- 


plications due to the disease, and the high incidence and 


nature of associated disease. 

Although this nonpopulation-based group of patients 
may not represent the true spectrum of complications in 
its natural setting, an intermittent review of this special 
group of patients with their frequently unique and exag- 
gerated features has permitted a better understanding of 
the pathologic features of the disease processes. This has 
provided the opportunity to better appreciate the thera- 
peutic requirements for both its prevention and treat- 
ment. Application of this knowledge in the latter part of 
the series, a period of general progress in the treatment 
of cardiovascular disease, has improved the results. This 
presentation is intended to summarize and emphasize 
some of the more important findings in a detailed study 
of these cases. 


Patients and Methods 


The records of all 614 patients with aortic dissection 
studied between 1956 and 1988 were reviewed, late fol- 
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low-up was updated (99% completed), and pertinent in- 
formation was added to the data base stored on com- 
puter and analyzed. In 82 patients, operation was not 
performed initially in 35 who had acute and 47 who had 
chronic dissection. Of the former, seven were Type I, 
with dissection involving most of aorta, and three were 
Type II, with dissection limited to ascending aorta. Six 
of these ten patients died before operation could be per- 
formed. The remaining four patients had repair per- 
formed at other institutions and were immediately re- 
ferred for possible further treatment. These patients did 
not need another operation and were treated medically. 

Twenty-five patients had acute Type III (limited to 
aorta beyond left subclavian artery) dissections. Of 
these, 19 were in good condition, the dissection was not 
complicated, and they were treated medically as a defin- 
itive form of therapy. Medical treatment failed in two 
patients, both of whom had successful descending tho- 
racic aortic replacement. The remaining six Type III 
patients experienced pain and had dilated descending 
thoracic aortas, but were treated medically because of 
advanced age and associated cerebrovascular, cardiopul- 
monary, and renal disease that posed prohibitive opera- 
tive risks. Three patients experienced rupture in the hos- 
pital, and operation was successful for one patient, who 
remained in the hospital on a respirator for 1 year be- 
cause of complications related to obstructive pulmonary 
disease. The other patients died later, after transfer back 
to nursing homes. 

Of the 47 patients with chronic dissection not treated 
initially by operation, one with rupture died before 
operation could be performed, 31 (with dilatation less 
than 6 cm in diameter) did not need operation, and for 
15 who had severe associated risks for treatment of dif- 
fuse disease as above, operation was not recommended. 
These 47 patients were treated medically and followed. 
Twelve of the 31 patients who did not need surgery 
initially were later treated by operation, and eight of 
those for whom surgery was not recommended died of 
associated disease or rupture. Thus, of these 82 patients 
on whom operation was not performed initially, 68 
(83%) were not treated surgically and are not considered 
further in the study. The 14 patients (17%) ultimately 
treated by operation are included. 


Surgically Treated Patients 


Operation was ultimately employed in the treatment 
of 546 patients with aortic dissection by 838 aortic 
operations, 198 performed elsewhere before referral and 
640 at our institution (Tables | and 2). There were 127 
females (23%) and 419 males (77%) in the series, whose 
ages ranged from 13 to 87 years (median 59). Ninety-six 
patients (18%) had Marfan syndrome. Hypertension was 
present in 406 (74%). 
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TABLE 1. Aortic Operations Performed for Aortic Dissection 
or Aneurysm (546 Patients) 


Prior Author Total 
Operations Operations Operations 

ASC 105 143 248 
ASC/ARCH 3 98 101 
ASC/ARCH/DES 0 3 3 
ASC/DES 0 l l 
ARCH l 10 11 
ARCH/DES 0 6 6 
DES 37 170 207 
DES/TAA 0 3 3 
DES/AAA 2 8 10 
TAA 6 169 175 
TAA/AAA 0 9 9 
AAA 44 20 64 
Total 198* 640 838 





ASC = ascending aorta. 

DES = descending aorta. 

TAA = thoracoabdominal aorta. 

AAA = abdominal aorta. 

ARCH = aortic arch. 

* 174 patients had prior aortic operations. 


In 221 patients, the dissecting process involved the 
entire aorta, was limited to the ascending aorta in 67, 
and involved the descending thoracic and abdominal 
aorta in 258 patients. These cases therefore may be clas- 
sified as DeBakey types 1, 2, and 3, respectively. When 
treated at our institution, the dissecting process was 
acute in 133 (24%) and chronic in 413 (76%) patients. 
Dissection was frequently superimposed upon pre-exist- 
ing aneurysms, more commonly in the ascending aorta 
and arch, but also in some patients with aneurysms lo- 
cated in the descending thoracic or thoracoabdominal 
aortic segments. The latter lesions were not always iden- 
tified as such before operation, which was performed 
because leakage or rupture of a regular aneurysm was 
suspected. A tear was not present in a small number of 
these cases, in whom the dissected space was simply 
filled with clot. 

Aortic specimens were available for histologic exami- 
nation in 372 patients. The aortic media was abnormal 
in all specimens, with degeneration of the media in 355 
of these patients and aortitis in 17. Atherosclerosis, pri- 
marily intimal, was superimposed upon the medial 


TABLE 2. Ratio of Aortic Operations to Patient (546 Patients) 


Number Number of 
Per Patient Patients 
l 322 
2 171 
3 40 
4 11 
5 2 





256 





© Baylor College of Medicine 1988 


CRAWFORD AND OTHERS 


Ann. Surg. * September 1988 





© Baylor College of Medicine 1988 


Fics. 1A and B. Illustrations of patient with acute aortic dissection treated by transsection aortoplasty. (A) Progressive dilatation of unresected 
damaged ascending aorta and arch led to aneurysmal dilatation and AI. (B) Treatment consisted of composite valve graft replacement of the 


ascending aorta and transverse aortic arch. 


changes, varying with the age of the patient and duration 
of the dissection, with the more advanced changes being 
in the older patients and the patients with the most 
chronic aneurysm. 

Diagnosis was best achieved by computerized tomog- 
raphy (CT) scanning and planning of operation was best 
determined by aortography. 

The surgically treated patients were divided into 2 
groups. Group | consisted of 174 patients who had had 
198 previous aortic operations. Group 2 consisted of 
372 patients who had not had previous aortic opera- 
tions. In addition to aortic operations, 91 of the 546 
patients had had cardiac operations. Half of the patients 
in the total series were admitted during the last 4 years of 
the study, and more than half of patients requiring redo 
operations were admitted during the latter period. 

The dissecting process was chronic in Group 1 pa- 
tients (with the exception of those who had had previous 
cardiac operations), and in untreated segments was sim- 
ilar to the chronic form of Group 2. The principal indi- 
cation that such patients required treatment was pro- 
gressive dilatation of the aorta. The difference between 
the two groups was the frequency of recurrent problems 
at the previous site of operation in Group | patients and 
the fact that most acute dissections were performed in 
Group 2. 


Complications of Previous Operation 


As indicated in Table 1, 109 aortic operations had 
been performed previously for aortic dissection involv- 


ing the ascending aorta and/or arch in Group 1. Of 
these, 41 required reoperation for recurrent problems 
that may be categorized into six subsets. Subset 1 con- 
sists of patients treated by various methods of aorto- 
plasty (Fig. 1). Presumably, since the site of tear (the 
most weakened aortic segment) was not removed, these 
patients’ problems were manifested by diffuse circum- 
ferential aneurysmal dilatation of the false lumen, which 
was frequently associated with aortic valvular insuffi- 
ciency (AI). Subset 2 patients had had short segments of 
the tubular segment of ascending aorta replaced by tu- 
bular grafts (Fig. 2). These patients had diffuse distal 
dilatation, probably because the tear was located in the 
arch and was not included in the reconstruction. Subset 
3 patients had large aneurysms of the sinus segment of 
the ascending aorta (Fig. 3). The sinus segment aneu- 
rysm of two of these patients had ruptured into the right 
ventricle, causing heart failure. These patients had either 
tubular segmental replacement or separate tubular seg- 
ment and aortic valvular replacement. The former was 
usually associated with AI. These patients had had pre- 
existing annuloaortic ectasia, and their complications 
could have been prevented by appropriate composite 
valve graft replacement. Subset 4 patients had had com- 
posite valve graft replacement of the aortic valve, sinus 
and tubular segments of the ascending aorta, with direct 
coronary artery reattachment, using the inclusion tech- 
nique (Fig. 4). Complications in these cases included 
false aneurysms with persistent aneurysm of the aortic 
root and progressive dilatation of the distal ascending 
aorta. Subset 5 were complications of intraluminal 
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Fics. 2A and B. This patient had treatment of acute dissection by limited graft replacement of the proximal tubular segment of the ascending aorta. 
(A) Progressive dilatation of distal ascending aorta and arch occurred over a 3-year period because the site of origin was not replaced. (B) Treatment 
consisted of graft replacement of distal ascending aorta and aortic arch. 


grafts that included perigraft leakage and aneurysms, 
graft stenosis, and hemolysis (Fig. 5). Subset 6 consisted 
of patients with perigraft infection (Fig. 6). The interval 
between the original operation and our redo operation 
varied from 65 days to 25 years (median 4.2 years). 
Common to both groups of patients was aortic dissec- 
tion occurring as a complication of previous cardiac 
operations. Ninety-one patients in this series of 546 
cases had had previous cardiac operations, 37 had coro- 





nary artery bypass graft (CAB), 48 had aortic valve re- 
placement (AVR), and six had both. Twenty-seven of 
the former and 20 of the latter two groups of patients 
entered 3 months to 8 years later with aortic dissection 
of the ascending aorta of either DeBakey type | or 2 
(Figs. 7 and 8). The dissection process was acute in 12 
patients (26%) and chronic in 35 (74%). The operative 
findings in these cases were consistent with dissection 
superimposed upon pre-existing fusiform aneurysm of 
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Fic. 3. Illustrations of limited separate graft replacement of tubular segment of aorta and valve replacement of aortic valve at time of acute 
dissection. (A) Rupture of enlarged residual sinus segment aneurysm into right ventricle that caused heart failure from large left to right shunt. (B) 
Treatment consisted of composite valve graft replacement of valve and entire ascending aorta and closure of fistula. 
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Fics. 4A-D. Illustrations of Type I dissection superimposed upon aneurysm of aortic root treated in the acute phase by composite valve graft with 
direct reattachment of coronary arteries using inclusion technique. (A) Illustration shows large perigraft false aneurysm resulting from disruption of 
coronary artery anastomosis to graft and progressive dilatation of the distal ascending aorta and the aorta from left subclavian to renal arteries. (B) 
Treatment in stages: First stage included repair of false aneurysm and replacement of remaining ascending aorta. (C and D) Technique employed in 
second stage to replace the distal aneurysm. (E) Aortogram made after second operation showing satisfactory valve and aortic reconstruction. 
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Fics. 5A-C. Illustrations of patient treated by intraluminal graft re- 
placement of tubular segment of ascending aorta at time of acute 
dissection. (A) This operation was complicated by persistent aneurysm 
of sinus segment of ascending aorta, AI, perigraft false aneurysm, he- 
molysis, anuria, and diffuse dilatation of descending thoracic aorta. (B) 
Treatment consisted of complete replacement of the aortic valve and 
ascending aorta in the first operation. (C) The descending thoracic 
aorta was replaced 6 weeks later. 
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Fics. 6A and B. Illustrations of patient who developed infection of ascending aortic graft employed for treatment of aortic dissection. This 
complication was associated with development of aorto-right ventricular fistula and heart failure. (A) Diagram and aortogram made before 
operation showing defect. (B) Method of repair using cardiopulmonary bypass, profound hypothermia, and circulatory arrest to enter chest and 
viable muscle flaps and permanent antibiotic suppressive treatment to control infection. 


the ascending aorta. A review of available operative re- 
ports indicated the presence of aortic dilatation and ex- 
cess bleeding at either aortotomy or graft anastomosis 
sites. Of interest is the fact that the ascending aorta had 
not been visualized before operation in most patients, 
despite cardiac catheterization and cine angiography. 
Thus, in the 229 patients who required operation for 
dissection of the ascending aorta and/or arch as their 
first operation by us, 88 (38%) were in-patients who had 


either aortic dissection operations that now may be con- 
sidered outdated or underlying aortic disease that had 
progressed or was overlooked or, more commonly, ig- 
nored at the time of cardiac operation. 


Patient Characteristics 


Due to the complex nature of the clinical problems 
and the need for multiple operations in these patients, 
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Fics. 7A and B. Illustrations of aortic dissection occurrence superimposed upon aortic dilatation present at time of coronary artery bypass grafting. 
(A) Drawing and angiogram showing nature and extent of dissecting process 3 years after operation. (B) Results of treatment. The chest was opened 
with the circulation arrested, the entire ascending aorta was replaced with a graft, and patent coronary artery grafts were attached to the graft. 
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Fics. 8A and B. Illustrations of dissection occurring in an aneurysm of the ascending aorta that was present at the time of AVR but not detected 
until time of operation. (A) Drawing and aortogram showing size of aneurysm at time of second operation 3 years later. (B) Drawing and 


postoperative aortogram made after second operation. 


they were reclassified into two groups for analysis, with 
229 patients requiring proximal operations at the as- 
cending aorta and/or aortic arch level, and 317 patients 
requiring more distal operations of the descending tho- 
racic aorta and/or the thoracoabdominal aortic seg- 
ments at the time of admission as their first operation. 
The respective 29 and 25 preoperative, operative, and 
postoperative variables are presented in Tables 3 and 4. 
These include clinical manifestations, associated dis- 
eases, Operative events, postoperative morbidity and 
mortality, and period of treatment. Symptoms were 
graded from | to 4, based on the degree of severity. 
Patients with Grade | were asymptomatic; those with 
Grade 2 had mild symptoms, including occasional pain, 
cough, hoarseness (paralyzed left vocal cord), and dys- 
phagia; those with Grade 3 experienced continuous 
pain; and finally, those with Grade 4 experienced acute 
onset of pain, heart failure, neurologic deficits, hypoten- 
sion, anuria, or bowel ischemia. 

As previously indicated, the disease was frequently 
diffuse and involved both aortic regions under this clas- 
sification. Operation, replacing only a localized seg- 
ment, was necessary at the time of admission in some 
cases. In others, long segments, even the entire aorta, 
needed replacement. Operative treatment was fre- 
quently staged in the latter, removing the most life- 
threatening segment first; and then, at a later date, the 
remaining diseased segment was replaced. Because the 
remaining aneurysmal segment posed risk of rupture 
and death, this postoperative variable (residual aneu- 
rysm) was thought to be possibly a significant factor to 
consider in the period during which these patients were 
treated. Thirty-eight per cent of the patients requiring 
ascending and/or arch operation were treated during 


the last 2 years, and one half of those requiring distal 
operation were treated during the past 4 years (Tables 
3 and 4). 

Variables examined but not included in the analysis 
because they had no clinically significant effect on mor- 
tality on univariate analysis or because the numbers 
were too small included: 1) etiologic factors: infection/ 
mycotic aneurysm, aortitis, false aneurysm, inflamma- 
tory aneurysm, previous use of steroids, and histology of 
aortic wall; 2) associated disease: diabetes, cancer, diver- 
ticular disease, hiatus hernia, peptic ulcer, gout, pre- 
vious gastrointestinal (G.I.) surgery, occlusion of the ca- 
rotid-subclavian arteries, mesenteric, renal, aorto-iliac, 
or femoro-popliteal arteries, and gallstones; 3) operative: 
aortic cross-clamp times, profound hypothermia, circu- 
latory arrest times, cardiopulmonary bypass time, atrio- 
femoral bypass, use of intraluminal shunt, time for uri- 
nary clearance of dye, type of previous cardiac or vascu- 
lar operation, mitral valve replacement, pacemaker 
insertion, both combined distal and proximal repair, 
and combined carotid, innominate or subclavian by- 
pass. 


Indications for Operation 


Ascending aortic operation was recommended at the 
time of admission in all patients with acute dissection 
that involved the ascending aorta to prevent or treat 
cardiac complications (i.e., rupture, tamponade, AI, and 
aorto-cardiac chamber fistulae). Medical therapy was 
employed in patients with uncomplicated acute dissec- 
tion arising distal to the left subclavian artery. Operative 
treatment was employed in the latter for complications 
including vessel obstruction, persistent pain, aortic dila- 
tation greater than 5.5 cm, and rupture when a favorable 
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TABLE 3. Univariate Relations Between Patient Clinical Variables and Early Postoperative Death (Ascending and Arch) 
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Variable Patients Deaths p value* 
All patients 229 34 (15%) — 
Period of surgery 1956-1985 142 27 (19%) 0.0235 
1986-1988 87 7 (8%) 
Age at operation 13-49 75 7 (9%) 0.1089 
50-64 96 14 (15%) 
65-87 58 13 (22%) 
Sex Female 49 5 (10%) 0.3025 
Male 180 29 (16%) 
Aneurysm symptoms I 78 4 (5%) 0.0077 
II 67 10 (15%) 
Ill 22 4 (18%) 
IV 62 16 (26%) 
Preoperative angina (NYHA) I 185 22 (12%) 0.0026 
II 34 7 (21%) 
III/IV 10 5 (50%) 
Preoperative COPD Yes 195 31 (16%) 0.2844 
No 34 3 (9%) 
Acuity Acute 71 16 (23%) 0.0283 
chronic 158 18 (11%) 
DeBakey I 162 27 (17%) 0.2285 
classification I] 67 7 (10%) 
Preoperative hypertension Yes 155 24 (15%) 0.6949 
No 74 10 (14%) 
Preoperative Al Yes 126 18 (14%) 0.7916 
No 103 16 (16%) 
Preoperative CHF Yes 46 7 (15%) 0.9370 
No 183 27 (15%) 
Marfan Yes 43 4 (9%) 0.2565 
syndrome No 186 30 (16%) 
Preoperative renal Yes 22 4 (18%) 0.6436 
dysfunction No 207 30 (14%) 
Preoperative stroke Yes 15 3 (20%) 0.5615 
No 214 31 (14%) 
Rupture Yes 10 3 (30%) 0.1682 
No 219 31 (14%) 
Previous CAB Yes 32 7 (22%) 0.2280 
No 197 27 (14%) 
Previous AVR Yes 20 3 (15%) 0.9839 
No 209 31 (15%) 
Previous proximal Yes 41 8 (20%) 0.3538 
aortic repair No 188 26 (14%) 
Previous distal Yes 16 4 (25%) 0.2363 
aortic repair No 213 30 (14%) 
Extent replaced ASC only 122 16 (13%) 0.2856 
ASC and/or ARCH 107 18 (18%) 
Procedures Composite valve 99 16 (16%) 0.8841 
Separate valve 30 4 (13%) 
Other 100 14 (14%) 
Residual aneurysm Yes 86 15 (17%) 0.3918 
(staged repair) No 143 19 (13%) 
Cardioplegia Yes 122 14 (11%) 0.1255 
solution No 107 20 (19%) 
New or redo cab Yes 52 14 (27%) 0.0053 
No 177 20 (11%) 
Reoperation for bleeding Yes 23 2 (9%) 0.3817 
No 206 32 (16%) 
Postoperative tracheostomy Yes 15 1 (7%) 0.3567 
No 214 33 (15%) 
Postoperative renal Yes 28 8 (29%) 0.0293 
dysfunction No 201 26 (13%) 
Postoperative cardiac Yes 32 19 (59%) <0.0001 
dysfunction No 197 15 (8%) 
Postoperative stroke Yes 27 12 (44%) <0.0001 
No 202 22 (11%) 


B a en ee ee es Gee Lg Se ee SS 
COPD = chronic obstructive pulmonary disease. NYHA = New York Heart Association. 
AI = aortic valve insufficiency. * Pearson chi square test. 
CHF = congestive heart failure. 
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TABLE 4. Univariate Relations Between Patient Clinical Variables and Early Postoperative Death Distal Aorta 


Variable 


a L U aaaeeeaa 


All patients 


Period of surgery 1956-1983 
1984-1988 
Age at operation 13-49 
50-64 
65-87 
Sex Female 
Male 
Aneurysm symptoms I 
Il 
Ill 
IV 
Preoperative angina 
(NYHA) l 
H/I/1TV 
Preoperative COPD Yes 
No 
Acuity Acute 
chronic 
DeBakey l 
classification Ill 
Preoperative hypertension Yes 
No 
Marfan Yes 
syndrome No 
Preoperative renal Yes 
dysfunction No 
Preoperative neuromuscular Yes 
dysfunction No 
Rupture Yes 
No 
Previous CAB Yes 
No 
Previous AVR Yes 
No 
Previous proximal Yes 
aortic repair no 
Previous distal Yes 
aortic repair No 
Extent replaced DES 
TAA 
Procedures 


Temporary bypass 
Simple X-clamp 


Residual aneurysm Yes 
(staged repair) No 
Reoperation for bleeding Yes 
No 
Postoperative tracheostomy Yes 
No 
Postoperative renal Yes 
dysfunction No 
Postoperative cardiac Yes 
dysfunction No 
Postoperative 
neuromuscular Yes 
dysfunction No 


Patients Deaths p value* 
317 41 (13%) — 
158 33 (21%) <0.0001 
159 8 (5%) 

81 5 (6%) 0.0178 
124 14 (11%) 
112 22 (20%) 
78 7 (9%) 0.2301 
239 34 (14%) 
67 2 (3%) <0.0001 
135 6 (4%) 
60 15 (25%) 
55 18 (33%) 
300 39 (13%) 0.8826 
17 2 (12%) 
84 16 (19%) 0.0515 
233 25 (11%) 
62 22 (35%) <0.0001 
255 19 (7%) 
59 2 (3%) 0.0155 
258 39 (15%) 
251 32 (13%) 0.8484 
66 9 (14%) 
53 2 (4%) 0.0294 
264 39 (15%) 
37 8 (22%) 0.0938 
293 37 (12%) 
8 3 (38%) 0.0360 
309 38 (12%) 
24 4 (17%) 0.5708 
293 37 (13%) 
11 1 (9%) 0.6991 
306 40 (13%) 
34 2 (6%) 0.1947 
283 39 (14%) 
63 4 (6%) 0.0819 
254 37 (15%) 
69 10 (14%) 0.6626 
248 31 (13%) 
162 23 (14%) 0.4930 
155 18 (12%) 
87 11 (13%) 0.9246 
230 30 (13%) 
52 11 (21%) 0.0534 
265 30 (11%) 
24 9 (38%) <0.0001 
293 32 (11%) 
19 4 (21%) 0.2767 
298 37 (12%) 
73 13 (18%) 0.1572 
244 28 (11%) 
14 7 (50%) <0.0001 
303 34 (11%) 
51 11 (22%) 0.0449 
266 30 (11%) 





* Pearson chi-square test. 
DES = descending aorta. 


outcome was thought possible. The majority of our pa- 
tients with acute type III dissections had these compli- 
cations at the time of entry and were thus treated surgi- 
cally. Diffuse aortic dilatation or rupture resulting from 


TAA = thoracoabdominal aorta. 
COPD = chronic obstructive pulmonary disease. 


dissection superimposed on pre-existing fusiform aneu- 
rysm was the most common indication in this group. 
Consequently, most patients were treated by graft re- 
placement of long aortic segments of either the descend- 
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Fics. 9A and B. (A) Drawing and aortogram showing typical aneurysm limited to the descending thoracic segment of the distal diffuse dissecting 
process. (B) Drawing and aortogram show result of our preferred method of treatment of either acute or chronic dissection at this level, which 


consists of insertion of a regular tube graft with sutures. 


ing thoracic or both descending thoracic and abdominal 
aorta. ' 

The indications for operative treatment in the pa- 
tients with chronic dissection again varied with the seg- 
ment involved. Operation was considered indicated in 
patients with chronic dissection of the ascending aorta 
and arch who had persistent or new cardiac complica- 
tions, those who had complications of previous ascend- 
ing aortic and heart operations, and in those associated 
with dilatation more than 6 cm in diameter. The indica- 
tion for elective distal operation in patients with chronic 
dissection was progressive dilatation greater than 6 cm 
(Fig. 9). Urgent operation was indicated for aneurysmal 
symptoms and rupture. Operation was usually staged in 
patients with diffuse disease of the aorta (involvement of 
both proximal and distal segments) by removing the 
most life-threatening segment first, and then the other at 
a later date, 6 weeks to 3 months (Figs. 4-5, 10-12). The 
specific indications for reoperation for the ascending 
aorta and arch have been described and illustrated 
above. The indications for reoperation in distal seg- 
ments of the aorta were false aneurysm, inappropriate 
previous operation, and progressive dilatation of distal 
segments (Fig. 10). 


Operative Techniques 


The operative techniques employed in these patients 
were those that were available at the time of their re- 
spective operations and varied with the aortic segment 
involved in the operation, the stage of disease, the com- 
plications produced by the disease or previous aortic or 
cardiac operation, and the period of treatment as pre- 
viously described. Our current methods of proximal 
operation became standardized by early 1985 after re- 
view of the problems that recur after operation for dis- 
section or cardiac operations. These techniques were 
first reported in 1985 and again in 1986.'*"” In brief, the 
principles of treatment include complete replacement of 
the entire tubular segment of ascending aorta in all pa- 
tients with proximal acute dissection. Replacement was 
extended into transverse aortic arch in patients whose 
site of origin was located in the arch and also when 
indicated for brachiocephalic arterial involvement. Re- 
placement was extended proximally to include the sinus 
segment of aorta and valve in patients with pre-existing 
aortic dilatation and in those patients with acute dissec- 
tion in whom the proximal aortic wall did not allow the 
performance of a secure anastomosis. Attempts were 
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Fics. 10A and B. Illustrations of patient with progressive dilatation of distal aorta and visceral arterial obstruction present after proximal graft 
replacement for acute dissection in a patient with Takayasu’s aortitis. (A) Location and extent of previous graft, current dilatation, visceral 
obstruction, and small vessel aneurysms characteristic of this form of aortitis. (B) Drawing and aortogram showing method of treatment. The small 
aneurysms were replaced later. 


Fics. 11A and B. Illustrations of patient with Marfan syndrome whose cardiovascular manifestations included fusiform aneurysm of aortic root 
with AI and diffusely dilated dissection of the distal aorta treated in stages. (A) Drawing and aortogram showing nature, location, and extent of 
disease. (B) Drawing and aortogram showing grafts in place and functioning. 
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Fics. 12A-C. Illustrations of patient with diffuse chronic dissecting 
aneurysm involving the entire aorta, which was treated in stages. (A) 
Drawing and aortogram show extent of aneurysm. (B) Ascending aorta 
and arch were replaced at first operation and the descending thoracic 
aorta at second operation. (C) The remaining aorta was replaced at 
third operation. Reconstruction in our 18 patients requiring total aor- 
tic replacement for chronic dissection was performed in two stages in 
most and was dependent upon physiologic events of operation. 
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TABLE 5. Aortic Dissection 30-Day Survival According to Acuity, Location of Operation, and Period of Authors’ Treatment (First Operation) 





Acute Chronic 

Location Period Patients Survival Patients Survival 

ASC/ARCH 56-85 47 33 (70%) 95 82 (86%) 

86-88 24 22 (92%) 63 58 (92%) 

DES 56-83 22 11 (50%) 60 51 (85%) 
84-88 19 16 (84%) 61 61 (100%) 

TAA/AAA 56-83 12 5 (42%) 64 58 (91%) 

84-88 9 8 (89%) 70 66 (94%) 


ASC = ascending aorta. 
ARCH = aortic arch. 
DES = descending aorta. 


made to redirect flow distally into true lumen by obli- 
teration of false channels using Teflon™ felt in patients 
with acute dissection. Distal flow was re-established in 
both distal channels in patients with chronic dissection. 

When the sinus segment of aorta and valve were pre- 
served in patients with acute dissection, the proximal 
dissection channel was obliterated proximally by sand- 
wiching the dissected walls between strips of Teflon felt. 
When the sinus segment was replaced, the coronary ar- 
teries, when involved, were reattached to the graft, using 
aorto-distal coronary artery vein bypass grafts. The cor- 
onary arteries were reattached by small Dacron™ grafts 
(modified Cabrol technique) in patients with chronic 
dissection requiring sinus segment replacement (Fig. 
5).!! Cardiopulmonary bypass and cold dilute oxygen- 
ated blood potassium cardioplegia were employed in 
85% of cases during the last 2 years. During this time, 
profound hypothermia and circulatory arrest were also 
employed in all patients with acute dissection, as well as 
in all patients in whom the arch was replaced regardless 
of acuity.!>!8 Hypothermic arrest was produced by fem- 
oral vein-femoral artery bypass perfusion in the groin 
before chest entry in patients with large aneurysms, in 
those with contained ruptured false aneurysms, and in 
those with infection to prevent fatal hemorrhage and to 
limit the needs of exposure. !®-" 

Prealbuminized knitted dacron grafts or woven da- 
cron composite valve-grafts were sutured in place, using 
polypropylene in the former and dacron sutures in the 
latter. At this level, intraluminal grafts and inclusion 
techniques were abandoned. 

In the 229 patients who had either ascending aorta 
(122) or ascending aorta and aortic arch replacement 
(107) as their first operation, composite valve grafts were 
used in 99 and separate valve and graft in 30. The aortic 
valve was retained in 100 who had various operations, 
including closure of false aneurysm and simple graft 
replacement of tubular segments of the ascending aorta 
(Table 3). 


TAA = thoracoabdominal. 
AAA = abdominal aorta. 


As our first operation in 317 patients, distal operation 
of the descending thoracic aorta or both descending tho- 
racic and abdominal aorta were replaced by dacron 
grafts sutured in place using inclusion technique (Table 
4). Visceral arteries were reattached in the latter patients 
(Figs. 11 and 12). Intercostal and lumbar arteries were 
also reattached in the latter cases when the disease was 
chronic. Attempts to reattach these vessels in patients 
with acute dissection were usually unsuccessful and 
were associated with bleeding. Profound hypothermia 
and circulatory arrest were employed when proximal 
exposure of the distal transverse aortic arch was impossi- 
ble for clamping, in those with large aneurysms, those 
with contained rupture, in some who developed either 
pulmonary artery or aortic lacerations during operation, 
and in other cases where both proximal and distal aortic 
segments required simultaneous replacement. ' The lat- 
ter operations were performed through posterolateral 
incisions, with hypothermia being obtained by femoral 
vein-femoral artery cardiopulmonary bypass. 

Various methods were employed to prevent paraple- 
gia.'? These included surface hypothermia, profound 
hypothermia, and temporary bypass with and without 
somatosensory-evoked potential monitoring. These 
methods were no more effective in preventing paresis 
than simple aortic cross-clamping combined with proxi- 
mal blood pressure control using pharmacological 
agents. 


Statistical Methods 


Standard methods were employed, using the BMDP 
statistical software package (BMDP Statistical Software 
Incorporated, Los Angeles, CA). Univariate (Pearson 
chi square test, BMDP4F) and multivariate (stepwise 
logistic regression, BMDPLR) analyses were used 
to identify statistically significant clinical predictors 
of early mortality. Kaplan-Meier survival curves, cor- 
responding Cox-Mantel log-rank tests (BMDPIL), 
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FIG. 13. Graph showing distribution of all cases with diminishing early 
mortality from operation during past 4 years. 


and stepwise Cox proportional hazards regression 
(BMDP2L) were used for analysis of late mortality. The 
chi square test determines whether a statistically signifi- 
cant association exists between early death and an indi- 
vidual study factor (ignoring the other factors). Stepwise 
logistic regression selects from the study factors a set of 
independent risk factors that demonstrate a simulta- 
neous significant association with early mortality. The 
log-rank procedure tests the equality of survival curves, 
whereas stepwise proportional hazards regression 
chooses a set of simultaneously significant predictors of 
long-term mortality. Because of the retrospective nature 
of the data and the large number of significance tests 
performed, the reported p values should be interpreted 
cautiously. 


Results 


The 30-day survival after the first operation for these 
546 patients was 471 patients (86%), including 195 
(85%) of the 229 with ascending and/or arch operations 
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FIG. 14. Graph showing distribution of all cases of distal aortic dissec- 
tion and diminishing mortality from operation during past 4 years. 
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Fic. 15. Graph showing distribution of all cases of dissection of ascend- 
ing aorta and/or arch and diminishing mortality during past 2 years. 


and 276 (87%) of the 317 with distal operations. The 
survival results according to period of treatment, loca- 
tion of operation, and acuity are shown in Table 5 and 
Figures 13-17. The most significant point is that sur- 
vival was 90% or better in most groups during recent 
years, during which time a large percentage of the pa- 
tients were treated. 

The causes of early death according to location of 
operation are shown in Table 6. The leading causes were 
cardiac, pulmonary and renal complications, stroke, 
and rupture of aneurysm. Cardiac complications and 
stroke were more common in patients with proximal 
operations; cardiac and pulmonary complications and 
aneurysmal rupture were more common in those with 
distal operations. 

The most disappointing complication occurring after 
operation was neurologic problems of the lower extrem- 
ities, which were graded as paraparesis (weakness) or 
paraplegia (paralysis). These problems occurred either 
immediately or after periods of 12 hours to 3 weeks, and 
were not prevented by the numerous measures men- 
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FIG. 16. Graph showing distribution of all cases of acute aortic dissec- 
tion and diminishing mortality during the past 2 years. 
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Fic. 17. Graph showing distribution of all cases of chronic dissection 
and diminishing operative mortality since 1983. 


tioned. Patients usually recovered within 30 days from 
paraparesis, but most patients with paraplegia had per- 
manent deficits. The incidence of neurologic distur- 
bances varied with the acuity and extent of replacement. 
In patients with chronic dissection, the incidence was 
7% after graft replacement of the descending thoracic 
aorta and 28% after thoracoabdominal replacement. 
Eleven (22%) of the 51 patients in whom this complica- 
tion developed died. Half of the remaining patients re- 
covered, and half had residual defects. The incidence of 
these complications in patients with acute dissection 
was almost twice that observed in patients with chronic 
dissection. 


Statistical Analysis 


The univariate relations between patient clinical vari- 
ables and early death are shown in Table 3 (patients who 
had proximal operations) and in Table 4 (those who had 
distal operations). The univariate significance of these 
variables and the independent predictors of early death 
are summarized for each in Tables 7 and 8, respectively. 
The striking improvement in survival during the latter 
period of treatment evolved as a strong predictor of sur- 
vival. The analysis was repeated, dividing the groups 
accordingly into those two time frames. Factors leading 
to improvement in treatment could not be determined 
by this method. 


Long-term Results 


Between July 1987 and April 1988, follow-up infor- 
mation was obtained for 99% of the 469 early survivors, 
resulting in a total of 1300 patient years. Median fol- 
low-up time was 21.1 months. Of the 469 patients, 345 
(74%), including the first patient treated, were still alive. 
Eighty-four patients required 94 subsequent operations, 
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TABLE 6. Causes of Early Death (<30-Day) According to Aortic 
Segment Replaced (34 ASC/ARCH and 41 Distal) 


Cause* ASC/ARCH Distal 
Cardiac 26 (76%) 15 (37%) 
Stroke 10 (29%) 1 (2%) 
Pulmonary 5 (15%) 14 (34%) 
Ruptured Aneurysm 1 (3%) 10 (24%) 
Renal 7 (21%) 8 (20%) 
Sepsis 4 (12%) 8 (20%) 
G.I. bleed 3 (9%) 2 (5%) 


* Causes of death were frequently multiple. 


TABLE 7. Variables Predictive of Early (<30-Day) Death in 229 
Patients Whose First Operation was in Ascending and Arch 


Univariate Multivariate 
Variable p Value* p Value** 

Period of Operation 

1956-1985 0.0235 0.0033 

1986-1988 
Aneurysm symptoms 0.0077 0.0082 
Severity of angina 0.0026 -— 
Acuity 0.0283 — 
New and redo CAB 0.0053 0.0002 
Postoperative renal 

dysfunction 0.0293 — 
Postoperative cardiac 

dysfunction <0.0001 <0.0001 
Postoperative stroke <0.0001 0.0004 
Postoperative tracheostomy 0.3567 0.0089 
Extent replaced 0.2856 0.0012 


* Pearson chi square test. 
** Stepwise logistic regression. 


TABLE 8. Variables Predictive of Early (30-Day) Death in 317 
Patients Whose First Operation was in Distal Aorta 








Univariate Multivariate 
Variable p Value* p Value** 

Period of Operation 

1956-1983 <0.0001 <0.0001 

1984-1988 
Aneurysm symptoms <0.0001 0.0018 
Acuity <0.0001 0.0045 
Age 0.0178 — 
DeBakey 

classification 0.0155 — 
Marfan syndrome 0.0294 — 
Preoperative 

neuromuscular 

dysfunction 0.0360 0.0499 
Reoperation for 

bleeding <0.0001 0.0289 
Postoperative cardiac 

dysfunction <0.0001 0.0005 
Postoperative 

neuromuscular 

dysfunction 0.0449 — 





* Pearson chi square test. 
** Stepwise logistic regression. 
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TABLE 9. Aortic Dissection or Aneurysm: 30-Da y Survival According 
to Acuity, Location of Operation, and Period of Authors’ Treatment 


(Second and Third Operation) 


2nd Operation 

Patients’ 

Location Period Survival 
ASC/ARCH 1956-1985 18 13 (72%) 

1986-1988 7 7 (100%) 

DES 1956-1983 4 3 (75%) 
1984-1988 15 13 (87%) 
TAA/AAA 1956-1983 17 15 (88%) 
1984-1988 23 20 (87%) 
Total 84 71 (85%) 


84 patients had 94 subsequent operations. 


3rd Operation 


Ne -Ne Ww 


10 


Patients’ 
Survival 


3 (100%) 
1 (100%) 
2 (100%) 
0 (0%) 

1 (100%) 
2 (100%) 


9 (90%) 


TABLE 10. Causes of Late Death (>30 Days) According to Aortic 
Segment Replaced (39 ASC/ARCH and 85 DISTAL) 


Cause* ASC/ARCH 
Cardiac 14 (36%) 
Pulmonary 11 (28%) 
Ruptured Aneurysm 8 (21%) 
Sepsis 9 (23%) 
Renal 8 (21%) 
Stroke 7 (18%) 


* Causes of death were frequently multiple. 


Distal 


24 (28%) 
16 (19%) 
16 (19%) 
9 (11%) 
10 (12%) 
6 (7%) 


TABLE 11. Aortic Dissection Univariate and Multivariate Analysis of 
Late Death: ASC/ARCH Dissection (194 30-Day Survivors) 


Variable 


Postoperative stroke 

Postoperative renal dysfunction 

Postoperative tracheostomy 

Residual aortic aneurysm (for 
staged repair) 

Extent Replaced 

Sex 


Univariate 


p Value* 


<0.0001 
<0.0001 
0.0029 


0.0251 
0.0375 
0.0444 


Multivariate 
p Value** 


0.0012 
0.0004 


0.0132 


—_—_— CCC eee eee 


* Cox-Mantel log-rank test. 


** Stepwise Cox proportional hazards regression. 


TABLE 12. Aortic Dissection: Univariate and Multivariate A nalysis of 


Late Death, Distal Dissection (275 30-Day Survivors) 


Variable 


Postoperative tracheostomy 
Postoperative renal dysfunction 
Preoperative renal dysfunction 
Ruptured aneurysm 

Extent replaced 


Univariate 


p Value* 


<0.0001 
0.0074 
0.0387 
0.0440 
0.1298 


Multivariate 
p Value** 


<0.0001 
0.0439 


0.0330 


—— OC eee 


* Cox-Mantel log-rank test. 


** Stepwise Cox proportional hazards regression. 
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collectively (Table 9). Thus, the entire aorta was re- 
placed in 18, almost all the aorta in 41, all thoracic aorta 
in 22, almost all thoracic aorta in 33, and the entire 
thoracoabdominal aorta in 148 (Figs. 11-12). The 
causes of all late deaths, including those from subse- 
quent operations, are shown in Table 10, and the pre- 
dictors of late death according to site of operation with 
consideration to the same clinical variables listed above 
are shown in Tables 11 and 12. The cumulative 15-year 
survival of all patients is shown in Figure 18. Ten-year 
survival according to age, extent of replacement, and 
survival from last operation is shown in Figures 18-21, 
respectively. 


Discussion 


Operative treatment of aortic dissection, regardless of 
acuity, location, and extent of operation was associated 
with early survival in over 90% of most groups treated 
during the past 2-4 years. Since this detailed study was 
completed, operation has been used in the treatment of 
18 additional patients, 8 with ascending and/or arch 
replacement and 10 with distal operations. All of these 
18 patients survived. Thus, of the 261 recently treated 
patients, 246 (94%) were early survivors. Long-term 
studies of the other patients indicate a cumulative 10- 
year survival of 36% (Fig. 18). This study and others 
recently reported suggest that operation is a valid form 
of therapy for patients with aortic dissection. !°:!3-!4-29 

Our statistical analysis could not explain the reasons 
for recent improvement in our results. There are certain 
factors responsible that cannot be accurately measured 
and analyzed. These include increasing experience in a 
center specializing in surgical treatment of aortic dis- 
ease, adoption of appropriate surgical techniques, better 
anesthesia supported by extensive monitoring, good 
blood-banking, blood conservation techniques, and bet- 
ter understanding of blood coagulation. Others include 
specialized postoperative care by trained personnel, in- 
cluding nurses, technicians, and medical specialists. 
Further improvement is anticipated, particularly in the 
prevention of paraplegia. 

Prevention of aortic dissection has been an obvious 
surgical opportunity. All of our patients with this disease 
had abnormal aortic walls and dissection was prone to 
develop in those that became dilated. All patients being 
submitted to CAB or valve operations should have the 
ascending aorta studied before operation and replaced if 
dilated (5 cm). Aortic root injection, by contrast, unfor- 
tunately is not routinely performed by cardiologists in 
such cases when studied angiographically and plain 
roentgenograms are not diagnostic. Because the aortic 
root is a part of the heart, the cardiac surgeon should 
insist upon this phase of the study, and he should be 
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FiG. 18. Fifteen-year survival of all patients and all survivors of first 
operation. 
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Fic. 19. Ten-year survival of first operation survivors, according to 
age. 


aware that aortic replacement in such patients does not 
add significant risk to the heart operation. Moreover, 
dissection also occurs more frequently in dilated distal 
aortas, and operation should be considered when distal 
dilatation exceeds twice the proximal uninvolved aorta. 
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DISCUSSION 


DR. MICHAEL E. DEBAKEY (Houston, Texas): I am sure that you 
appreciate the fact that I take great pride in Stanley’s presentation— 
greater pride than anyone else. His perseverance, his dedication, and 
his creative abilities have resulted in great improvement in the treat- 
ment of this highly fatal disease. 

This disease is highly fatal if not treated, and even with good medical 
measures, which consist essentially in maintaining the blood pressure 
at the lowest level possible, it still has an extremely poor prognosis. 
Therefore, the ability to achieve a 30 or 40% survival rate of 10 or 15 
years means that these patients not only live longer but most of them 
lead a reasonably normal life. 

I would like to emphasize a few points that Stanley made about the 
long-term effects. 

(Slide) This patient is still alive 24 years after treatment: in fact I 
talked with him yesterday. I heard from him about | year ago and had 
a report from his physician. He has had some cardiac problems, 
namely coronary disease, but he still is able to work in his garden and 
enjoy life reasonably well, nearly 25 years since his operation. 

(Slide) This slide exemplifies one of the reasons for early failure that 
we did not recognize, that is, if there is any question about aortic valve 
incompetence and the inability to preserve that valve satisfactorily by 
repair, it is best to put in a valve. We did not place a valve in this 
patient, and you see 6 years later he required valve replacement. He is 
still living today, nearly 20 years after the original operation. 

(Slide) This slide exemplifies one of the cases that Dr. Crawford 
showed, a patient who had been operated on elsewhere, but in whom 
all the dissected part of the aneurysm had not been removed. To some 
extent this is the result of concern about the coronary arteries, the ostia 
of the coronary arteries. Six years later an extensive aneurysm had 
developed involving the proximal portion that was not resected at the 
time it should have been even though valve replacement was done. 
Therefore, a second operation had to be performed, and 7 years after 
that operation, the patient is doing well. 

(Slide) This slide exemplifies another point that Dr. Crawford made, 
that is, the condition will progress if one is not careful and may result in 
rupture of a distal aneurysm. It is therefore important that these pa- 
tients be observed carefully and closely because one of the results of 
analysis of our experience is the fact that next to cardiac reasons, the 
highest incidence of late deaths was rupture of a distal aneurysm that 
had not been taken care of earlier. The original operation for a Type III 
dissection was limited to the descending thoracic aorta. Six years later, 
however, a large aneurysm of the entire abdominal aorta developed, 
and a second operation of resection and graft replacement with at- 
tachment to the previous graft was performed; the aortogram shows 
good function 11 years later and 17 years after the original operation. 
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This is also an example of Type III dissection with extension below 
the diaphragm in a 46-year-old woman. After resection of the dissected 
segment arising just below the origin of the left subclavian artery, a 
Dacron graft was attached proximally and then distally to the normal 
lumen after the false lumen was obliterated by suture closure with 
Teflon baffles of the inner and outer layers. The postoperative aorto- 
gram shows good function with no evidence of aneurysmal formation 
distally 23 years later. 

(Slide) This last slide illustrates that if one can remove the entire 
aneurysm, as was done in this patient, the prognosis is good. This 
patient was operated on 28 years ago. He was 14 years old then and had 
a Type III dissection. You can see the technique that was used then to 
try to avoid ischemic changes. Fortunately, he did not have any, and he 
is leading a normal life now 28 years after his operation; therefore, in a 
certain proportion of patients, long-term survival is possible. Indeed, 
in an analysis of 527 cases reported several years ago, there was an 
overall survival rate of 57% for 5 years, 32% for 10 years, and 5% for 20 
years. With the technical advances and indications that Dr. Crawford 
has provided, we can expect not only the mortality rate to be lower, but 
the number of long-term survivors to improve. 


DR. FRANK C. SPENCER (New York, New York): I rise primarily to 
compliment Drs. Crawford and DeBakey on their spectacular accom- 
plishments with aortic aneurysms over the last 20 years. It is a particu- 
lar credit to Dr. DeBakey, for Dr. Crawford was one of his early faculty 
appointments, coming to Houston after finishing his residency at the 
Massachusetts General Hospital in Boston. Over the past several years, 
especially in the past 10 years, Dr. Crawford’s publications have be- 
come the landmark references for complex aortic aneurysms. With 
thoracoabdominal aneurysms, his concepts have been particularly 
fundamental, lowering operative mortality rates from a range of 
30-40% to 10-15%. 

Just this past week in New York we admitted a patient on my service 
with a dissecting aneurysm with the Marfan syndrome. She had pre- 
viously been operated on under emergency circumstances with a com- 
plex conduit reconstruction of the aortic root. After reviewing the 
aortogram (and Dr. Crawford is not acquainted with the patient yet), 
which shows a dissection extending down to the bifurcation of the 
abdominal aorta, and considering the possibilities, I said, “This is a 
very nice case for Dr. Crawford. I will be talking to him in San Fran- 
cisco!” 

In comparing our limited experiences with the extensive ones pre- 
sented by Dr. Crawford, two questions arise. In the past 2 years over 40 
patients have been operated on at New York University with ascending 
aneurysms involving the arch, 22 of whom had acute dissections. The 
mortality rate was about 15% in both groups, a total of six deaths. This 
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work was primarily done by Dr. Galloway and Dr. Colvin, with a small 
contribution by myself. The low mortality merits particular emphasis, 
primarily reflecting the safety and effectiveness of the hypothermic 
circulatory arrest technique. Before the introduction of this technique, 
which I attribute to Randy Griepp with his publication in 1980, and 
subsequently developed by Dr. Crawford and others, an acute dissec- 
tion in the ascending aorta had an operative mortality rate in the range 
of 50-75%. 

Such patients are routinely operated on emergently, taking them to 
the operating room within a few hours after admission, with the ex- 
pectation of a mortality rate near 10%. My first question for Dr. Craw- 
ford is whether he uses the circulatory arrest technique routinely with 
acute dissections or does he apply the distal clamping technique across 
the dissected aorta. 

My second question concerns his approach with acute dissections of 
the descending thoracic aorta. Although we uniformly operate 
promptly on acute dissections of the ascending aorta, a policy Dr. 
Shumway at Stanford has followed for over a decade, a more selective 
approach is used with acute dissections of the descending thoracic 
aorta. If these patients are hemodynamically stable, operation is often 
delayed for 2 to 3 months and then performed. A few such patients 
have had complications during this time; therefore, at the moment we 
are uncertain about the best course. I wonder if Dr. Crawford’s ap- 
proach with acute descending dissections is a routine prompt operation 
or a selective approach as described? 


Dr. E. STANLEY CRAWFORD (Closing discussion): We wish to thank 
Drs. DeBakey and Spencer for discussing our paper and for the knowl- 
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edge that they have contributed to the understanding and treatment of 
aortic dissection. 

Our objective in treatment of acute dissection involving the proxi- 
mal aorta is complete removal of the site from which the dissection 
originates and the adjacent damaged aortic segments. In most cases, 
this involves replacement of the entire tubular segment of the ascend- 
ing aorta. In a large portion of cases, proximal reconstruction of the 
sinus segment of the aorta including the aortic valve is also required. In 
other cases, particularly those in whom the site of origin is in the 
transverse aortic arch (10% of cases) and in those in whom brachioce- 
phalic vessel abnormalities or adverse mural changes are present, the 
reconstruction is extended into the transverse aortic arch both to 
achieve a successful first operation and to prevent progressive dilata- 
tion later. In any case, this approach is best achieved using profound 
hypothermia and circulatory arrest with reconstruction being per- 
formed without use of aortic clamps. This approach has been success- 
ful in 24 (92%) of our most recent 26 patients, and long-term results up 
to 2 years have been excellent. 

Medical treatment for acute dissection involving the descending 
thoracic aorta in patients without complications has been excellent ina 
small number of our cases. Unfortunately, most of our patients have 
complications including aortic dilatation, rupture, vessel obstruction, 
and continued pain, despite successful blood pressure control from the 
time of admission. Operation has therefore been necessary in the ma- 
jority of the patients with this type of disease. Risk factors included 
need for extensive aortic replacement, rupture, advanced age, and 
mesenteric vessel obstruction. Regardless, 16 (84%) of the most recent 
19 patients survived operation. 
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A Retrospective Analysis of 3 Year’s Experience of 
an Interdisciplinary Approach to Gallstone Disease 
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1206 patients with gallstone disease were treated between 
January 1985 and December 1987, using an interdiscliplinary 
concept that included surgery, endoscopic sphincterotomy, and 
extracorporeal shock-wave lithotripsy (ESWL). Twenty-five 
per cent of the patients who were admitted for gallbladder 
stones were treated by ESWL, whereas 75% underwent sur- 
gery. Mortality of elective treatment for gallbladder stones 
amounted to 0.25% (0.4% in surgery, 0% in ESWL). Postoper- 
ative complication rate was low (4.2% in surgery, 7.0% in 
ESWL). After ESWL treatment, 80% of the patients were free 
of stones after a follow-up period of 1 year. Recurrence rate in 
these patients amounted up to 10%: in seven of 70 patients, 
mean follow-up period was 6 months after complete disappear- 
ance of stones. Twenty-seven per cent of all patients who were 
admitted for bile duct stones underwent surgery, whereas in the 
other 73%, calculi were removed via endoscopy. ESWL treat- 
ment was used additionally, if necessary. Fragments were left 
behind in three of 75 patients (4.0%) after surgical treatment, 
and in 7 of 200 patients (3.5%) after endoscopic and ESWL 
treatment, respectively. In the latter group, three patients 
(1.5%) required an additional operation. There were no deaths 
in either of the groups. The use of ESWL for treatment of 
gallbladder stones needs to be evaluated in long-term follow-up 
studies. Thus far, surgery remains the dominating method. En- 
doscopic procedures, eventually combined with ESWL, repre- 
sent the preferred treatment for patients with bile duct stones. 


T THE UNIVERSITY MEDICAL CENTER Grossha- 
A dern in Munich, extracorporeal shockwave 
lithotripsy (ESWL) was developed by Brendel 
and colleagues.'” Subsequently, this new therapeutic 


principle led to an interdisciplinary approach to gall- 
stone disease, changing the role of surgery in the treat- 


Presented at the 108th Annual Meeting of the American Surgical 
Association, San Francisco, California, May 2-4, 1988. 

Reprint requests and correspondence: Georg Heberer, M.D., Pro- 
fessor of Surgery, Chairman Department of Surgery, Ludwig-Maximi- 
lian-University, Klinikum Grosshadern, Marchioninistr. 15, 8000 
Miinchen 70, West Germany. 

Submitted for publication: May 24, 1988. 


From the Department of Surgery,* the Department of Internal 
Medicine ll,tț and the Institute for Surgical Research, tT 
Klinikum Grosshadern, Ludwig-Maximilian-University, 
Munich, West Germany 


ment of gallbladder as well as of bile duct stones. Paum- 
gartner and colleagues introduced ESWL into clinical 
practice.*-> The data presented here reflect our experi- 
ence in the treatment of gallstone disease during the past 
3 years with regard to various procedures including 
ESWL. 


Patients and Methods 


From January 1985 to December 1987, 1206 patients 
were treated for gallstone disease at the University 
Center Grosshadern, Munich. Surgery was still the 
treatment applied most frequently for the management 
of gallbladder stones (Fig. 1). ESWL was performed in 
250 patients. This figure corresponds to 25% of all pa- 
tients admitted to our hospital and treated for gallblad- 
der stones. The patients in whom ESWL was used had to 
meet the following criteria in having: a history of biliary 
pain, one to three radiolucent gallbladder stones with a 
diameter less than 30 mm, and a functioning gallblad- 
der, as documented by visualization on oral cholecys- 
tography (Table 1).° For patients with more than three 
stones, very large or calcified stones, a nonfunctioning 
gallbladder, and complications from gallstone disease, 
however, surgery was still the treatment of choice. 

With ESWL, the shock-waves are generated by high- 
current underwater spark discharge. The patient is 
placed in a prone position. Until recently, the patient 
had to be partially immersed in a water bath. With the 
second generation of lithotriptors, however, the applica- 
tion of shock-waves requires only a water bag to trans- 
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mit the shock-waves into the body. The gallstones are 
visualized by ultrasonography, which also guides the 
positioning of the stones and which monitors fragmen- 
tation. In our series, all patients received an adjuvant 
litholytic therapy of bile acids to dissolve remaining 
stone fragments. Litholysis included the administration 
of ursodeoxycholic acid and chenodeoxycholic acid, 7-8 
mg/kg body weight, each. Drug therapy commenced at 
least 1 week before shock-wave treatment and was con- 
tinued up to 3 months after complete disappearance of 
stone fragments. 

The treatment regimen of common duct stones in- 
volved endoscopic sphincterotomy, ESWL, or surgery 
(Fig. 1). Today, the preferred treatment for most pa- 
tients with bile duct stones is endoscopic sphincterot- 
omy.°” In our series, endoscopic sphincterotomy was 
used as solitary therapy in 149 patients, and was com- 
bined with ESWL in 51 patients. Seventy-five patients 
underwent surgery. The latter were patients who pre- 
sented with simultaneous gallbladder and bile duct 
stones. 

Shock-wave lithotripsy in patients with bile duct 
stones is performed in a kidney lithotriptor, with the 
patient being in a supine position. A nasobiliary cathe- 
ter is inserted to inject contrast medium into the com- 
mon bile duct for visualization of the duct and of the 
stones. Monitoring is done via a two-dimensional x-ray 
system. !° 


Results 


The results of our concept in the treatment of gall- 
bladder stones are shown in Table 2. Operative mortal- 
ity in elective cases was 0.4%, in nonelective cases, 1.4%. 
Elective treatment was performed in all patients who 
underwent ESWL and in 73% of the patients who un- 
derwent surgery. None of the 250 patients treated by 
ESWL died. Two patients had to undergo surgery be- 
cause the stones did not fragment. The total mortality of 
both groups was 0.25%. After ESWL and medical disso- 
lution therapy, 80% of the treated patients were free of 
stones after 1 year and 90% after two years. 

The complications that followed elective surgery were 
primarily of cardiac and pulmonary origin (Table 3). 
Wound infection, bleeding, and sepsis were rare. After 
ESWL, transient biliary pain was observed in 35% 
(Table 3). Complications included cystic duct obstruc- 
tion in about 5% and mild pancreatitis in 2% of the 
cases. In one patient who was treated by ESWL, pancre- 
atitis was cured by sphincterotomy and removal of two 
fragments from the common bile duct. Four patients 
recovered spontaneously. 

For the treatment of bile duct stones, surgery was suc- 
cessful in 72 of 75 patients; in two cases stones were 
removed endoscopically, and in another patient a con- 
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FIG. 1. Surgery, endoscopic procedures, and ESWL in the interdisci- 
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TABLE 1. Selection Criteria for ESWL Treatment 
in Gallbladder Stones 


History of biliary pain 


1-3 radiolucent stones, <30 mm 
Functioning gallbladder (oral cholecystography) 


TABLE 2. Results of Surgery and ESWL Treatment 





for Gallbladder Stones 
Surgery ESWL 
(n = 681) (n = 250) 

Mortality 

Elective 0.4% 0%* 

Nonelective 1.4% — 

All elective cases 

(Surgery and ESWL) 0.25% 
Free of stones 

After 1 year 80%t 

After 2 years 100% 90%t 





* Two patients operated electively. 
+ estimated by Kaplan-Meier. 


TABLE 3. Symptoms and Complications After Elective Surgery and 
ESWL Treatment in Patients with Gallbladder Stones 


Surgery (n = 544) 


Cardiac 1.1% 
Pulmonary 1.0% 
Wound infection 0.8% 
Bleeding 0.5% 
Bile fistula 0.4% 
Sepsis 0.2% 
Retained stones 0.2% 
ESWL (n = 250) 
Transient biliary pain 35% 
Cystic duct obstruction 5% 
Mild pancreatitis 2% 


Sphincterotomy (1) 
Spontaneous recovery (4) 
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FIG. 2. Treatment of bile duct stones. Results of surgery (n = 75 
patients), endoscopic sphincterotomy (n = 200 patients), and ESWL (n 
= 51 patients). 


crement had to be left (Fig. 2). 200 patients underwent 
endoscopic sphincterotomy for stone removal (Fig. 2). 
This was successful in 149 patients (75%). Sphincterot- 
omy and stone removal failed in 51 patients, and there- 
fore ESWL was used. This high failure rate (25%) is due 
to the fact that a predominant number of patients ad- 
mitted to our hospital present with complicated bile 
duct stones. In 41 of 51 patients, ESWL treatment was 
successful (80%). In seven patients, fragments were left. 
Mortality was 0%. Three patients required surgery; in 
one 81-year-old man, a Dormia basket became stuck 
during the attempt to remove stones from the common 
bile duct. The basket and stones had to be removed by 
choledochotomy. A second patient had to be treated by 
drainage of the retroperitoneum after rupture of a juxta 
papillary diverticulum caused by endoscopic manipula- 
tions. In a third case, emergency cholecystectomy was 
necessary because of acute cholecystitis. For all three 
patients, the postoperative course was uneventful. 
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FIG. 3. Trends of cost-effectiveness of surgery and ESWL treatment for 
gallbladder stones. 
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Discussion 


For the therapy of gallbladder stones, conservative 
treatment with ESWL is limited primarily to elective 
cases that present with one to three radiolucent stones in 
a functioning gallbladder (Table 1). Applying these crite- 
ria, an optimistic estimation would be that up to 25% of 
symptomatic gallbladder stones could be treated with 
ESWL.° Surgery is still the primary therapy for patients 
with more than three stones, calcified stones, and/or 
huge stones, and especially in all nonelective cases. 

For patients with common duct stones who simulta- 
neously present with gallbladder stones, and especially 
for younger patients, surgery is preferred.° For older pa- 
tients or those with high risk factors, therapeutic split- 
ting seems to be indicated.”''~'* This includes endo- 
scopic removal of duct stones, combined with ESWL, if 
necessary, and is followed by secondary cholecystec- 
tomy. In cholecystectomized patients or in high-risk pa- 
tients, it would appear that surgery has almost lost its 
place, except for those patients in whom endoscopic 
therapy with or without shock-wave lithotripsy has 
failed. 

More information has to be obtained concerning 
morbidity, mortality, recurrence rate, and cost effective- 
ness to establish the definite role of ESWL in the treat- 
ment of gallbladder stones. 

After ESWL treatment, morbidity (5% cystic duct ob- 
struction and 2% mild pancreatitis) seems to be higher, 
but less severe compared with surgery. There is no mor- 
tality after ESWL. Yet in contrast to surgery, depending 
on the rate of recurrence of stones, some late mortality 
may be expected. 

The reported recurrence rate of stones after cholecys- 
tolithotomy is 81% within 15 years,'> and after medical 
dissolution therapy, about 50% within 5 years.!°!® At 
present, the recurrence rate after ESWL cannot be pre- 
dicted exactly. Thus far, seven of 70 patients have again 
developed gallbladder stones after discontinuing adju- 
vant medical dissolution therapy. The mean follow-up 
period was 6 months. The treatment of recurrent stones 
consisted of ESWL and medical dissolution for three 
patients, and of exclusive medical dissolution for four 
patients. Because follow-up studies are still incomplete 
and are based on a short observation period only, no 
exact prognosis of recurrence can be deducted from 
these figures. But it seems that within 5 years, a recur- 
rence rate of about 50% may be expected. 

Finally, estimates of costs for the therapeutic proce- 
dure itself seem to reveal slightly higher costs for chole- 
cystectomy than for lithotripsy, particularly in cases in 
which postoperative complications occur (Fig. 3). On 
the other hand, for ESWL, recurrence of stones may 
become the major factor of late costs and would there- 
fore be the primary determinant of the total amount of 
money needed for ESWL in the treatment of gallstone 
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disease. When considering kidney stone disease, it has to 
be said that the therapy of kidney stones, which is pro- 
vided almost entirely by ESWL, increased costs consid- 
erably in West Germany in 1986, as recently pub- 
lished. '” 

In conclusion, the interdisciplinary concept for treat- 
ment of gallstone disease seems to be beneficial to the 
patients. But it has to be taken into account that the late 
consequences of ESWL, especially the recurrence rate of 
stones, remain to be evaluated in long-term follow-up 
studies. For the next decade, it is safe to predict that 
within interdisciplinary therapeutic concepts for the 
treatment of gallstone disease, surgery will maintain its 
major role. 
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DISCUSSION 


DR. FRANK G. Moopy (Houston, Texas): Professor Heberer and his 
colleagues at Munich are to be congratulated on bringing us a step 
further in the treatment of gallstones, especially in the high-risk pa- 
tient. 

This application of technology is to be commended. What they have 
done is to fragment stones with shock waves and provide a larger 
surface area for the bile salts to dissolve them over time, and this I 
believe is a very intriguing application. 

One multihospital trial utilizing this technology is being conducted 
in this country for the FDA. I believe that this trial in the United States 
will show as it has in Germany, that stones will disappear as a function 
of time. We likely will have the same problem of recurrence. 

I am a monitor of a multihospital trial for common duct stones, 
which are difficult to remove. Very early in the trial using the Dornier 
machine and technology, the stones yield to fragmentation by shock 
waves and then can be extracted by the endoscope. 

The problem that I see is the type of application of this technology in 
our environment. Where should the treatments be done, and who 
should perform them? This will provide us with a challenge because 
this is something we want to bring to the high-risk and older patient. 

I would like to ask Dr. Heberer to comment on how he sees this 
being resolved in Europe where they have more control over the flow 
of patients and the application of this type of approach. Secondly, who 
should be on the team? What is the surgeon’s role? What is the entry 
point for the patients, because if you look at this carefully, you see that 
this is a highly selected population of patients in whom if you per- 
formed a cholecystectomy, the mortality rate would likely be zero. I 
am delighted to hear from Dr. Heberer that indeed surgery is here to 
stay, but we have to watch this new technology carefully because the 
surgeons could be put out of the loop quickly. 


DR. ROBERT E. HERMANN (Cleveland, Ohio): I remember my first 
exposure to extracorporeal shock wave lithotripsy (ESWL) on a visit 
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to Munich about 6 or 8 years ago, and the concern I had when I 
realized that they were not only working on shock wave therapy for 
kidney stones, but also were beginning to investigate the destruction of 
gallstones as well. It disturbed me very much at that time. 

It appeared to me that they were taking a simple surgical problem 
and creating a potentially more complicated one, but I believe we now 
know from their carefully documented studies and reports that ESWL 
not only works, but its morbidity is low and its morality is less in 
selected patients than that of surgery. 

I would like to ask Professor Heberer several questions to amplify his 
report. Do you still exclude patients with calcified stones? In our trial 
in the United States, I believe we will include patients with calcified 
stones. 

Do you pay any attention to the anatomy of the distal bile duct and 
the ampullary regions so that you could do an endoscopic sphincterot- 
omy if stone fragments were caught in the common bile duct? How 
often was endoscopic sphincterotomy necessary in your experience? 

Could you expand on the cost of this procedure in Deutsche marks 
or in U.S. dollars, and what is the average hospitalization time of the 
patients who have had this procedure? 


Dr. JAMES C. THOMPSON (Galveston, Texas): President Bahnson: I 
have had the privilege of knowing Professor Heberer for more than a 
decade, and of visiting his clinic on several occasions. 

First, the technique of lithotripsy does work, and we all need to know 
that. I am very impressed with the results shown here, and I would like 
to ask Professor Heberer just a few questions because this is a treatment 
in evolution. Will you tell us about the current management of dis- 
comfort during treatment? I know that once you take the patient out of 
the water bath you eliminate the need for anesthesia, but how discom- 
fiting are one of these sessions? We hear about the application of 2000 
or 3000 shock waves. That must get a little tiring, and I wonder about 
the management of anesthesia. 

We are told that there is a certain failure rate in patients with multi- 
ple stones, and therefore, you usually limit the procedure to patients 
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with fewer than three stones. What if you continue to treat those 
patients, Professor Heberer? Let’s say a patient has four or five stones, 
and you give them one treatment, and it breaks up some of these 
stones. Could you continue this indefinitely, and finally break up all of 
them? If not, what is the limiting factor? 

You say that some of your patients developed obstruction of the 
cystic duct. Have any of them developed cholangitis? I recognize that 
that could be treated by ERCP, but it certainly is a question that has 
troubled most American surgeons who think about it. 

Have you adhered to the limitation of size of stones? You said, I 
believe (and please clarify the point), that you perform the ESWL on 
patients whose gallbladders are functioning. Does that mean that if a 
patient has a nonfunctioning gallbladder upon oral cholecystographic 
examination, they are treated surgically? 

This is a true innovation. I know that all of us are going to be 
watching it with great interest. 


DR. RONALD C. JONES (Dallas, Texas): During the past 3 months we 
have treated 37 patients for gallstones using the Medstone Biliary 
Lithotriptor unit at Baylor Hospital in Dallas. Only 10-15% of the 
patients considered for gallstone lithotripsy met the therapeutic proto- 
col requirements. The patients receive Urso before treatment and for 
30 days after treatment. If stone fragments remain and are 4 mm or 
greater in diameter, a second lithotripsy is performed and the patient 
continues to receive Urso for at least another 3 months. 

Over 90% of patients have had fragmentation of their gallstones. 
However, it is too early to determine what the stone-free success rate 
will be. After the first treatment, one third of patients had fragmenta- 
tion of stones to 3 mm or less from an average and median size of 7-8 
mm, ranging up to 2.4 cm. Approximately 40% of patients who have 
been treated had multiple stones. Fifty per cent of patients with multi- 
ple stones had fragmentation to 3 mm or less after the first treatment. 

Our complication rate parallels yours? We have noted biliary colic to 
be a common symptom after lithotripsy. Two patients required rehos- 
pitalization, one patient had severe biliary colic, and one had acute 
cholecystitis and pancreatitis. Symptoms developed 6-10 days after 
treatment in two patients. No patient has sustained injury from the 
treatment. 

Professor Heberer, what experience have you had with patients with 
multiple stones treated with the biliary lithotriptor? Was your decision 
to not treat patients with multiple stones based on patient data or 
animal data? How much calcium will you accept? We have had four 
patients without evidence of calcium on KUB but with evidence of 
calcium on CT scan. We are now performing CT scans on all patients 
undergoing biliary lithotripsy in an effort to determine whether or not 
calcification by CT alone is important. 

Have you treated any patients who had nonvisualization of the 
gallbladder, and have you noted patients who initially had visualiza- 
tion of the gallbladder pretreatment but did not have visualization of 
the gallbladder after lithotripsy? 

We are closely following your results and recommendations. 


Dr. JAMES W. MAHER (Iowa City, Iowa): I would like to congratu- 
late the authors on a very nicely done paper. I had the opportunity in 
January of this year to spend 2 weeks with Professor Heberer’s medical 
colleagues at Grosshadern, and during these 2 weeks I had the opportu- 
nity to attend not only the lithotripsy sessions, but the follow-up clinics 
and the nuts and bolts of what makes this treatment work. As a skeptic 
I can testify that this treatment does work and does clear the biliary 
tract of stones. 

I would like to ask Professor Heberer two questions: Has he noticed 
any improvement in the results of the treatment since they switched to 
the new machine without the water bath and with the new computer- 
ized targeting system that came into use in the fall of 1987? What is 
their experience with the intrahepatic common bile duct stones, which 
can be so difficult to extract with either endoscopic means or the 
Berhenne technique? 

We have had a great deal of difficulty positioning patients with 
intrahepatic stones in our kidney lithotriptor, and I would like to hear 
the author’s experience with that entity. 


Dr. LLOYD M. NYHUS (Chicago, Illinois): Dr. Bahnson, I rise to 
make a point that has not been made. Who is going to lead ESWL for 
gallstone disease—radiologist, gastroenterologist, or surgeon? 
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I report that the ESWL of renal stones, at least in the Chicago area, 
continues to be led by the urologist, and we do have a unique troika of 
three institutions that work together in the urological field—University 
of Chicago, Northwestern University, and the University of Illinois. 

The urologists of these three institutions lead the lithotripsy work for 
renal stones. 

Let us not, as surgeons, lose the battle from the very beginning as we 
did in endoscopy. We as the surgeons who have been in the premiere 
position of treating cholelithiasis must do as the Heberer team has 
done in Germany. We must control the lithotripsy work in the United 
States. 


PROFESSOR GEORG HEBERER (Closing discussion): I shall answer 
Dr. Moody’s question concerning patient selection first. The patients 
who are admitted to the Department of Medicine are selected accord- 
ing to the inclusion criteria for ESWL as I mentioned earlier: one to 
three radiolucent stones with a diameter less than 30 mm and no 
complications from gallstone disease. If the indication is not clear, we 
discuss individual problems with our colleagues from the Department 
of Medicine. 

You asked whether we still exclude patients with calcified stones. In 
the first 100 patients, we did exclude such patients. Meanwhile, there is 
a study being carried out with shock-wave treatment of calcified stones. 
ESWL seems to be less successful in these cases. 

To answer the question about the necessity for endoscopic sphinc- 
terotomy, I can say that prophylactic sphincterotomy is not performed 
before ESWL. It should be emphasized that whenever ESWL is carried 
out, endoscopic sphincterotomy should be accessible. On the other 
hand, pancreatitis occurred only in 2% of our patients after ESWL, and 
only one patient out of 250 needed sphincterotomy. 

In terms of total costs of the procedure, at the present time, the price 
for the Munich lithotriptor (MPL 9000, Dornier) is approximately 2.8 
million German marks. This includes an ultrasonographic monitoring 
system. X-ray equipment would be more expensive. 

Besides the expense of the lithotriptor, costs of treatment include 
hospitalization, adjuvant litholytic therapy, and follow-up examina- 
tions. In the last 100 cases, patients with ESWL treatment were hospi- 
talized for only 2 days. After surgery, patients normally stay in the 
hospital for 5-7 days. In Germany, the costs for | day of hospitaliza- 
tion average 250 German marks—in our University institution even 
350 German marks. There are further costs for working disability that 
amount to as much as 130 German marks per day. On the other hand, 
only 30% of all surgically treated patients are engaged in some profes- 
sion. 

Dr. Thompson asked how to manage pain after the procedure. 
Thirty-five per cent of ESWL-treated patients displayed biliary pain. 
This was treated with analgetic or spasmolytic drugs. General anesthe- 
sia is not necessary during the procedure, and the patient can leave the 
hospital the day after treatment. 

Dr. Jones asked how to treat multiple stones. At the present time, the 
treatment of solitary stones gives the best results. Two or three stones 
need to be treated by adjuvant litholytic therapy over longer periods— 
up to 2 years. Patients with more than three stones undergo surgery 
because ESWL shows poor results when there are more than three 
stones. 

Concerning the question about the treatment of calcified stones, I 
would like to show this last slide. (Slide) So far, in Munich-Grossha- 
dern, we have had the chance to treat kidney stones, gallbladder stones, 
stones of common duct and also of pancreatic duct for the first time by 
the use of ESWL. This big duodenal stone was fragmented 3 days ago. 
A 67-year old man presented with vomiting, weight loss, and beginning 
renal failure without any history of abdominal pain. Three ESWL 
treatments were necessary, whereby the final procedure was carried out 
with twice the energy normally used for gallbladder stone fragmenta- 
tion. The stone that was totally impacted was partially fragmented by 
this treatment. The carcass broke up and the stone was mobilized. The 
largest fragments were pulled up into the stomach using a Dormia 
basket. They were broken up mechanically into small pieces and pulled 
out. A fistula had been suspected earlier because of air in the bile duct 
system. But neither endoscopy nor x-ray examination could reveal a 
fistula. After treatment, the patient was doing well and was discharged 
soon thereafter. 
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INDICATIONS AND USAGE: Topical corticosteroids are indicated for the 
relief of the inflammatory and pruritic manifestations of corticosteroid- 
responsive dermatoses. 

co INDICATIONS: Topical corticosteroids are contraindicated in 
those patients with a history of hypersensitivity to any of the components 
of epe aration. 

PRE ONS: General: Systemic absorption of topical corticosteroids 
has produced reversible hy rt gaa (HPA) axis sup- 
pression, manifestations of Cushing's syndrome, hyperglycemia and 
glucosuria in some patients. Conditions which augment systemic absorp- 
tion include the applications of the more potent steroids, use over large 
Surface areas, prolonged use and the addition of occlusive dressings. 
Therefore, patients receiving a large dose of a potent topical steroi 
applied to a large surface area and under an occlusive dressing should be 
evaluated periodically for evidence of HPA axis suppression by using the 
urinary free cortisol and ACTH stimulation tests. If HPA axis suppression 
is noted, an attempt should be made to withdraw the drug, to reduce the 
pep of application, or to substitute a less potent steroid. Recovery 
of HPA axis function is generally prompt and complete upon discontinua- 
tion of the drug. Infrequently, signs and symptoms of steroid withdrawal 
may occur, requiring supplemental systemic corticosteroids. Children 
may absorb proportionally larger amounts of ao corticosteroids and 
thus be more susceptible to systemic toxicity. (See PRECAUTIONS — 
Pediatric Use.) If irritation develops, topical corticosteroids should be 
discontinued and appropriate therapy instituted. In the presence of der- 
matological infections, the use of an appropriate antifungal or anti- 
bacterial agent should be instituted. If a favorable response does not 
occur promptly, the corticosteroid should be discontinued until the 
infection has been adequately controlled. 
Information for the Patient: Patients using topical corticosteroids should 
receive the following information and instructions: 1. This medication is 
to be used as directed by the physician. It is for external use only. Avoid 
contact with the eyes. 2. Patients should be advised not to use this medi- 
cation for any disorder other than for which it has been prescribed. 3. The 
treated skin area should not be bandaged or otherwise covered or wrap- 
ped as to be occlusive unless directed by the physician. 4. Patients should 
report any ae of local adverse reactions especially under occlusive 
dressing. 5. Parents of pediatric patients should be advised not to use 
tight-fitting diapers or plastic pants on a child being treated in the diaper 
area, as these garments may constitute occlusive dressings. 

Laboratory Test: The following test may be helpful in evaluating the HPA 
axis suppression: ACTH stimulation test 

Carcinogenesis, Mutagenesis and Impairment of Fertility: Long-term 
animal studies have not been performed to evaluate the carcinogenic po- 
tential or the effect on fertility of topical corticosteroids. Studies to deter- 
mine mutagenicity with prednisolone and hydrocortisone have revealed 
negative results. ' P 
Pregnancy Category C: Corticosteroids are generally teratogenic in labo- 
ratory animals when administered systemically at relatively low dosage 
levels. The more potent corticosteroids have been shown to be terato- 
genic after dermal application in laboratory animals. Thereareno 
adequate and well-controlled studies in pregnant women of teratogenic 
effects from topically applied corticosteroids. Therefore, topical cortico- 
steroids should be used during pregnancy only if the potential benefit 
justifies the potential risk to the fetus. Drugs of this class should not be 
used extensively on pregnant patients, in large amounts, or for prolonged 
periods of time. i Pa Ae 
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steroids are secreted into breast milk in a NOT likely to have a 
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reported in children receiving topical corticosteroids. Manifestations of 
adrenal suppression in children include linear growth retardation, del 
weight gain, low plasma cortisol levels, and absence of response to ACTH 
stimulation. Manifestations of intracranial hypertension include bulging 
fontanelles, headaches and bilateral papilledema. Administration of 
topical corticosteroids to children should be limited to the least amount 
compatible with an effective therapeutic regimen. Chronic corticosteroid 
pee | interfere with the er and development of children. 
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infrequently with topical corticosteroids, but may occur more frequently 
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tion, perioral dermatitis, allergic contact dermatitis, maceration of the 
skin, secondary infection, skin atrophy, striae, miliaria. 
OVERDOSAGE: Topically applied corticosteroids can be absorbed in suffi- 
cient amounts to produce systemic effects. (See PRECAUTIONS.) 
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DEPARTMENT HEAD 
SURGERY 
UNIVERSITY OF ARIZONA 


The University of Arizona College of Medicine is seeking 
a nationally renowned, highly qualified academic surgeon 
to head the Department of Surgery in Tucson, Arizona. 


The College of Medicine has recently recruited a new dean 
who is committed to strengthening the ongoing commit- 
ment to excellence in education, research, and patient care 
in clinical departments. Significant opportunities exist to 
the new Head to participate in this process. 


Applications and nominations should be directed to 
Burnell R. Brown, Jr., M.D., Ph.D., Chairman Surgery 
Search Committee, c/o Marilyn Heins, M.D., Secretary 
Search Committee, University of Arizona College of 
Medicine, Tucson, Arizona 85724. The Committee will 
begin considering applications on September 1, 1988, but 
will accept applications and nominations until November 
Ist, 1988. 


Applications should include a curriculum vitae with 
complete address and telephone number, along with the 
names of at least three references. 


The University of Arizona is an equal employment opportunity/ 
affirmative action employer. 








AMERICAN ASSOCIATION FOR 
THE STUDY OF LIVER DISEASES 


Postgraduate Course November 5-6, 1988 


The American Association For The Study Of Liver Dis- 
eases announced its 39th Annual Postgraduate Course, 


“Current Hepatology—An Update on Science and Practice” 


to be held at the Chicago Marriott Hotel on Saturday, November 5, 
and Sunday, November 6, 1988. The Director of the Course is Dr. 
Paul D. Berk, President-Elect of the AASLD. 

The goal of the course is to introduce the practicing clinician to 
the terminology and fundamental methodology of molecular biol- 
ogy, a discipline which is increasingly appearing in the current 
clinical literature. The faculty have been selected for their ability to 
communicate molecular biologic advances to a clinical audience as 
well as for their fundamental scientific contributions. Speakers will 
emphasize how this information can greatly enhance understand- 
ing of the pathophysiology, diagnosis and treatment of liver dis- 
ease. 

On Saturday, November 5th, fundamental aspects of molecular 
biology including the nature of chromosomes, genes and DNA, 
recombinant technology, and the processes by which genes 
express themselves and are regulated will be described. Basic 
principles will be illustrated by applications in such fields as hepati- 
tis virology, and the use of developing molecular technologies for 
clinical diagnosis. 

On the second day of the Course, molecular aspects of specific 
liver diseases, including Wilson’s disease, hemochromatosis, 
alpha-1-antitrypsin deficiency, metabolic disorders associated with 
hepatic encephalopathy and genetically determined disorders of 
drug metabolism will be discussed in detail. At noon the traditional 
Meet-The-Professor luncheons are scheduled for Course partici- 
pants to meet with experts in the fields of adult and pediatric 
hepatology, molecular and cell biology, virology and clinical phar- 
macology in an informal small group format. 


Fee: AASLD Members $145.00 Trainees $100.00 
Nonmembers $230.00 Luncheon $ 20.00 
CME Credit: 11.75 hours 
For further information and registration brochures, please contact: Regis- 
tration Department, SLACK Inc., 6900 Grove Road, Thorofare, New Jersey 
08086 (609) 848-1000. 





Orthotopic Transplantation During Early Infancy 
as Therapy for Incurable Congenital Heart Disease 
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Since November 1985, 14 neonates and young infants have 
undergone orthotopic heart transplantation at Loma Linda 
University Medical Center (LLUMC) as therapy for hypo- 
plastic aortic tract complex. Eleven (78%) survived surgery and 
are living and well today. Three perioperative deaths resulted: 
one due to perforated peptic ulcer, one due to necrotizing pneu- 
monitis, and one due to graft failure unrelated to rejection. No 
late deaths occurred in the 1-29 months of follow-up, during 
which time noninvasive surveillance techniques were used. Im- 
munosuppression was accomplished using cyclosporine and 
azathioprine. Steroids and antithymocyte globulin were used 
for identified rejection episodes only. Ordinary childhood in- 
fections were tolerated well. All survivors were normotensive. 
There was no late renal dysfunction. Although inadequate 
donor resources remain a significant limiting factor for trans- 
plantation therapy during early life, these results suggest that 
cardiac transplantation is effective therapy for selected neo- 
nates and young infants with incurable congenital heart dis- 
ease. 


RTHOTOPIC CARDIAC transplantation during 

early infancy offers an attractive surgical op- 

tion for treatment of incurable congenital 
heart disease. As therapy for primary structural heart 
disease, transplantation is a concept overdue in applica- 
tion. It offers the promise of normal cardiovascular 
anatomy and physiology, as opposed to palliative inter- 
ventions, and is now feasible during the earliest days and 
weeks of life. An estimated 10% of congenital heart dis- 
ease is sufficiently complex as to be incorrectable by 
conventional surgery.’ That translates to somewhat over 
3000 North American babies annually who might bene- 
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fit from heart or heart/lung replacement. Hypoplastic 
left heart syndrome (HLHS) represents just such a com- 
plex group of malformations. With rare exceptions, 
HLHS is lethal within the first few weeks of life. These 
infants, therefore, are a logical starting point for appli- 
cation of cardiac transplantation. 

Reported here are a series of very young infants whose 
HLHS was managed at Loma Linda University Medical 
Center (LLUMC) by orthotopic cardiac transplantation. 
Patient selection and operative, perioperative, and fol- 
low-up management are all detailed. In addition, the 
advantages and limitations of this therapeutic modality 
are presented. 


Methods 


Since November 1985, 27 neonates and young infants 
(3.5 months and younger) with variations of HLHS have 
been accepted into the Loma Linda University Infant 
Heart Transplant Program as potential recipients. Four- 
teen (52%) of these infants had orthotopic cardiac trans- 
plantation. Each infant accepted for transplantation was 
managed according to a specific protocol formulated by 
the Loma Linda University Infant Heart Transplant 
Group. This protocol is based broadly on laboratory 
animal investigations and on a previously devised pro- 
tocol used in the management of a premature newborn 
infant with HLHS, who was treated by cardiac xeno- 
transplantation.” 
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TABLE 1. Recipient Inclusion Criteria 


1. Gestational age greater than 36 weeks* and birth weight greater 
than 2200 g* 

2. Age of less than | month* 

3. Cardiac evaluation 

The diagnosis of hypoplastic left heart syndrome made by 
attending pediatrician or pediatric cardiologist. 

Echocardiographic confirmation of diagnosis. 

4. Stable metabolic and hemodynamic status while receiving PGE-1 
and other supportive measures (e.g., cardiac inotrope, 
mechanical ventilation, parenteral nutrition) 

5. Psychosocial evaluation 

The candidate should live within 60 minutes of LLUMC fora 
minimum of 9-12 months after transplant. 

Supportive family structure. 

The candidate’s family should be capable of long-term intensive 
care of the child and be able to support the exceptional needs of 
the child. 

6. No clinical suspicion of major sepsis. 

7. Normal neurological evaluation. 

8. Normal renal evaluation: 

If BUN > 30 and creatinine < 1.5, pediatric nephrology 
consultation to exclude gross renal abnormalities 

Abdominal ultrasonography study showing no significant renal 
malformations 

9. Phenotypically normal. 


* Relative criteria 


Patient Selection Criteria 


Inclusion criteria for acceptance as a potential infant 
transplant recipient are outlined in Table 1. This report 
considers only those infants with variants of the HLHS. 
At our institution, patients are excluded from consider- 
ation for transplantation on the basis of adverse medical 
factors, such as neurological compromise, end-organ 
failure, active infection (congenital or acquired), or sig- 
nificant dysmorphism. Consideration is also given to 
environmental factors that might adversely affect medi- 
cal compliance. For example, families are required to 
relocate temporarily in order to be readily available 
during the first post-transplant year, when surveillance 
is most intense. 

Infant heart donors must meet brain death criteria in 
compliance with the Uniform Determination of Death 
Act* and guidelines for the determination of brain death 
in children as endorsed by an Ad Hoc Task Force Com- 
mittee (comprised of representatives from the American 
Academy of Neurology, American Academy of Pediat- 
rics, American Bar Association, American Neurological 
Association, Child Neurology Society, and National In- 
stitutes of Neurological Communicative Diseases and 
Stroke*). In addition, donors must share compatible 
ABO blood grouping and be similar in size to their re- 
spective recipients, be free of infection, and have normal 
cardiac anatomy with stable hemodynamics. Most in- 
fant donors will have had varying periods of cardiopul- 
monary resuscitation, yet many are suitable for mul- 
tiorgan donation. Availability of newborn and young 
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infant donors is gradually evolving as a function of pro- 
fessional and public awareness and commitment. 


Preoperative Management 


A clinically suspected diagnosis of HLHS is con- 
firmed by two-dimensional echocardiography. Cardiac 
catheterization is seldom required. Infants (particularly 
newborn) with confirmed HLHS are given a continuous 
intravenous (I.V.) infusion of prostaglandin E-1 
(PGE-1) to ensure patency of the ductus arteriosus, and 
hence maintained systemic perfusion. Spontaneous or 
mechanical ventilation is accomplished in room-air, in 
an effort to balance pulmonary and systemic vascular 
resistances. This helps promote adequate systemic per- 
fusion. Enteral or parenteral nutrition is commenced. 
Many newborns with HLHS are not suspected of having 
heart disease until spontaneous closure of the ductus 
arteriosus occurs. Frequently, they are first evaluated 
when severely compromised or moribund. Immediate 
correction of acidosis and/or hypoglycemia, infusion of 
PGE-1, room-air mechanical ventilation, and inotropic 
Support are usually effective in saving these babies. Not 
infrequently, mechanical ventilation and inotropic sup- 
port are discontinued in 24-48 hours, and the infant is 
maintained as described above. 

At their familys’ request (after appropriate counsel- 
ing), infants with HLHS are typed for ABO antigens and 
registered with the United Network for Organ Sharing 
(UNOS) through the regional organ procurement 
agency. After donors are confirmed and organ procure- 
ment arrangements are in progress, the potential recipi- 
ents are given a continuous I.V. infusion of cyclosporine 
(CSA) of 0.2-0.4 mg per hour. Enteral feedings are dis- 
continued at this time. Generally, donor infants are 
transported intact to LLUMC whenever possible. In this 
series, 12 of 14 (86%) donor families complied with this 
request. By implementing this policy, cold ischemic 
time of the donor heart was minimized, and multiorgan 
procurement was greatly simplified. 


Operative Management 


The donor. Hearts procured at any considerable dis- 
tance from LLUMC are obtained by inflow occlusion 
and the use of cold crystalloid cardioplegia. They are 
then stored and transported in a cold saline bath. On- 
site procurement of the heart alone is accomplished in a 
similar manner. For multiorgan retrieval, donor infants 
receive extracorporeal circulation and are cooled to pro- 
found levels of hypothermia with asanguinous perfus- 
ate. The brachiocephalic artery is used for arterial can- 
nulation, and the right atrial appendage is used for 
venous cannulation. During a brief period of circulation 
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arrest, the ductus arteriosus is ligated against the aorta, 
and the heart, aortic arch, and proximal descending 
aorta are removed. The pleural spaces are opened 
widely, and heart/lung machine suckers are placed in 
each pleural space. The arterial cannula is transposed to 
the open descending aorta and secured. Hypothermic 
perfusion is then recommenced, and liver/kidney re- 
moval accomplished. 

The heart is trimmed for implantation as previously 
described, with one exception. Rather than bevelling 
the distal donor aorta, the aorta is cut off squarely and 
incised for a length of about 20 mm along the greater 
curvature. This provides a greater distal aortic diameter 
opposite the recipient coarctation site, and thus possibly 
reduces the risk of late recoarctation. (M. Kanakriyeh, 
MD, et al, unpublished data, 1988) 

The recipient. On-site donor and recipient infants are 
transported to the operating room simultaneously. Cen- 
tral vascular lines are inserted as required, with empha- 
sis on asceptic technique. The left groin has been used 
most frequently for insertion of central arterial and 
venous lines. Not infrequently, the recipient’s central 
vascular lines are already in place for administration of 
PGE-1 and CSA. The recipient and donor are then pre- 
pared and draped. The donor heart is removed, and 
orthotopic cardiac transplantation is accomplished as 
previously described. Implantation required extended 
aortic arch reconstruction in each of the 14 transplants 
performed for treatment of HLHS variants at LLUMC. 
On occasion, however, aortic arch reconstruction is not 
required, thus simplifying the procedure.’ In this series 
of transplants, all anastomoses were completed during 
circulatory arrest. In general, however, should time be- 
come a critical factor, the pulmonary arterial anastomo- 
sis may be accomplished during rewarming perfusion. 


Perioperative Management 


Many of the infant recipients in this series entered the 
operating room with the aid of assisted ventilation and 
inotropic support. After transplantation, all required 2 
days or more of intubation and ventilator assistance. 
Each infant benefited from some form of inotropic sup- 
port (usually isoproteronal and/or dopamine) in a low- 
maintenance dose. Additional pulmonary vasodilatory 
medication was not needed. Three newborns required 
perioperative peritoneal dialysis. In each case, anuria 
commenced before transplantation as a result of com- 
promised distal aortic perfusion pressure, and resolved 
within 2-3 days after surgery. Perioperative seizures did 
not occur in this series of infants, despite their cata- 
strophic illness. Each patient made a satisfactory periop- 
erative neurological recovery. 

Table 2 summarizes the postoperative immunoma- 
nipulative therapy used with this series of recipients. On 
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TABLE 2. Infant Heart Transplantation for Hypoplastic Left Heart 
Syndrome: Recipient Immunomanipulation Protocol 


Immunosuppression 
Cyclosporine 
First year whole blood levels: 400-600 ng/dl 
After first year: 200-400 ng/dl 
Azathioprine 
First year: 3 mg/kg tapered to 0 
Not administered after first year 
Rejection protocol 
Patient Condition 
No symptoms (outpatient) 
Mild symptoms (inpatient) 
Moderate/severe symptoms (inpatient) 
Medications 
Prednisone 
IV methylprednisolone + Prednisone 
ATG + methylprednisolone + Prednisone 
Immunoenhancement 
Gammaglobulin 
200-400 mg/Kg/dose 
At least 3 doses before surgery 
Multiple doses during administration of “Rejection Protocol” 
Routine serial doses as needed for specific treatment of 
cytomegalovirus infection. 


the day of surgery, a continuous I.V. infusion of CSA 
(0.2-0.4 mg per hour), was resumed. Target radioimmu- 
noassay (RIA) whole blood levels of CSA ranged from 
600-1000 ng/dl. CSA-induced perioperative acute renal 
failure was not observed. Oral CSA administration ac- 
companied the onset of oral feedings (usually 3-5 days 
after surgery). I.V. CSA was discontinued 12 hours be- 
fore administration of the first oral dose. The oral dose 
began at 4-8 mg/Kg/day, divided into two doses (one at 
8:00 a.m. and one at 8:00 p.m.) Whole blood RIA 
trough levels of CSA were obtained daily at 7:00 a.m., 
and dosage was adjusted to attain CSA levels of 600- 
800 ng/dl. 

Four I.V. doses of methylprednisolone (25 mg/Kg) 
were given at 12-hour intervals immediately after sur- 
gery. Steroids were thereafter withheld unless a clinical 
diagnosis of graft rejection is made. Azathioprine (3 
mg/Kg/day) was first administered 48 hours after trans- 
plantation, initially intravenously, and then orally, once 
per day. Azathioprine dosage was tapered to maintain a 
white blood cell count greater than 3500 per cubic mil- 
limeter. 

The infants were immunoenhanced through adminis- 
tration of 300-400 mg/Kg of gamma globulin within the 
first 72 postoperative hours. Gamma globulin adminis- 
tration was repeated two to three more times during the 
initial postoperative hospitalization. A broad-spectrum 
antibiotic was given intravenously for 5-7 days. 

Vascular lines were handled with strict aseptic tech- 
nique and then removed when no longer essential. A 
single central venous catheter was kept in place for 
blood sampling purposes during the first 10-14 postop- 
erative days. 
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Noninvasive postoperative transplant surveillance 
techniques were employed to monitor the infants for 
evidence of graft rejection and/or systemic infection.® 
Infants were examined carefully on a daily basis for evi- 
dence of fever, irritability, poor feeding, unexplained 
increase in resting heart rate, arrhythmia, excessive 
weight gain, hepatomegaly, or the presence of a gallop 
rhythm. Surveillance monitoring was undertaken each 
Monday and Thursday, commencing the second post- 
transplant week. Routine examinations included chest 
roentgenogram, electrocardiogram, and M-mode echo- 
cardiogram. Blood samples were obtained for perfor- 
mance of miniaturized assays, which include white 
blood cell count and differential, spontaneous blasto- 
genesis, CSA level, blood urea nitrogen, creatinine, and 
creatine phosphokinsae isoenzyme level. 

To date, laboratory and clinical experience suggest 
that none of these surveillance tools are entirely reliable 
for the diagnosis of rejection. However, a combination 
of changing factors, coupled with clinical intuition, has 
served to support a diagnosis of graft rejection with rea- 
sonable confidence. Reversal of abnormal findings after 
initiation of additional antirejection therapy (steroid 
and/or antithymocyte globulin) serves to substantiate 
the diagnosis of rejection. 

After hospital discharge, the infants were followed in 
accordance with the protocol pertaining to outpatients, 
initially twice per week. In general, outpatient surveil- 
lance is more frequent during periods of suspected graft 
rejection or systemic infection, with outpatient visits be- 
coming less frequent as the rejection-free interval 
lengthens. Beyond 6 months, recipients underwent out- 
patient evaluation only once per month. During the sec- 
ond post-transplant year, outpatient evaluations contin- 
ued to be accomplished on a monthly basis; however, 
recipients and their families were permitted to reside 
and be examined at their point of origin. Full invasive 
diagnostic studies, including myocardial biopsy, were 
accomplished at the end of the first post-transplant year. 
Five of the oldest survivors were studied in this way. The 
generally excellent results of these studies have been re- 
ported previously. (M. Kanakriyeh, MD, et al, unpub- 
lished data, 1988) 

Immunizations were begun between the third and 
sixth post-transplant month as described earlier.’ Anti- 
body response to routine immunization was adequate, 
although live-attenuated viral vaccines were not em- 
ployed. Two of the recipients were exposed to chicken 
pox, one of whom developed self-limiting clinical mani- 
festations of the disease. 


Results 


Eleven (78%) neonates and very young infants sur- 
vived orthotopic cardiac allotransplantation as therapy 
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for HLHS (Table 3). The last seven consecutive patients 
survived surgery and, like earlier survivors, are presently 
being followed as outpatients. Six of the last eight (75%) 
patients with HLHS registered for a donor heart under- 
went transplantation. This more recent experience im- 
plies better public and professional awareness of the 
need for infant donor organs. An average of 14.5 days 
were required to locate an appropriate organ donor for 
this series of transplants. Recipient age at operation var- 
ied between 3 hours and 3.5 months. Three of the in- 
fants were over 30 days of age at operation. Hypother- 
mic circulatory arrest, ranging between 47 and 65 min- 
utes (mean of 56 minutes), has been used in this series of 
transplants. Average hospitalization time following 
transplantation has been 27.5 days. All but one of the 
infants in this series were successfully treated for one or 
more early (first 6 post-transplant months) acute rejec- 
tion episodes. One infant has not yet mounted an iden- 
tifiable immune response to his graft. Minor childhood 
infections have responded well to specific antibiotic 
therapy. One recipient developed cytomegalovirus in- 
fection, which has been controlled by intermittent infu- 
sions of hyperimmune globulin. She is now clinically 
well. 

Azathioprine was tapered during the second 6 post- 
transplant months and discontinued at 12 months. CSA 
dosage was adjusted to maintain whole blood RIA 
values at 200-400 ng/dl beyond the first year, when 
CSA became their sole immunosuppressive agent. None 
of the recipients experienced systemic hypertension, 
renal dysfunction, or late drug-related hirsutism. 
Growth and neurodevelopment have been generally 
within the normal range. Survival has now extended 
from | to 29 months, averaging 12.6 months. A unique 
and gratifying feature of this initial series of infant heart 
transplant recipients is the fact that there have been no 
late deaths. Three perioperative deaths (four to 13 post- 
transplant days) resulted from perforated peptic ulcer, 
nonrejection graft failure, and necrotizing pneumonitis. 
In the latter case, the infant was transplanted in the face 
of “treated” lobar pneumonia. 


Discussion 


Incurable congenital heart disease, such as HLHS, 
may be managed in several ways. Parents of these in- 
fants still have the option to accept, without therapy, the 
abbreviated natural history of the disease process. Such 
untreated infants invariably die, usually within the first 
30 days of life. Although occasionally justifiable, this 
option is becoming less appropriate as potentially dura- 
ble surgical modalities evolve. Parents may opt for mul- 
tiple palliative reconstructive procedures, as originally 
described by Norwood et al,'° in the hope of achieving 
prolonged survival and acceptable life quality. Overall 
attrition using multiple or “staged” palliative operations 
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remains steep, however, even in the most experienced 
hands. Life quality and the emotional and fiscal ex- 
penses of multiple high-risk operations are speculative 
issues relating to palliative management that have yet to 
be resolved. 

Based on the limited experience presented here, par- 
ents may be offered yet another option: heart replace- 
ment by orthotopic cardiac transplantation. This ap- 
proach, beginning with the day of surgery, results in 
virtually normal anatomy and physiology. In general, 
the perioperative period for these transplanted neonates 
has been pleasant and predictable. An average 3.6 days 
of assisted ventilation and a mean 27.5 days of hospital- 
ization among post-transplant survivors support this 
notion. There have been no early or late reoperations to 
date, although three late survivors had balloon aorto- 
plasty for distal aortic anastomotic gradients ranging 
from 24-30 mmHg. Three of the newborns in this series, 
all of whom had had acute renal failure before surgery, 
required postoperative peritoneal dialysis. Two of these 
infants survived surgery and regained adequate renal 
function within 36-48 hours. Their renal function is 
normal today. 

Families have coped admirably with the transplanta- 
tion experience. Many have relocated temporarily to ac- 
commodate postoperative surveillance. Families and 
extended families are given instruction about medicat- 
ing and observing the transplanted infants. Frequent 
outpatient visits and occasional in-hospital observation 
are usually all that interrupt the normal flow of life for 
most of these families. As experience has broadened, the 
process has become less spectacular and more routine 
for all concerned. 

The twin haunts of rejection and infection appear to 
be greatly reduced when transplantation is accom- 
plished early in life (0-30 days). In fact, the newborn 
and/or slightly preterm newborn may be the best possi- 
ble recipient of organ transplantation. As observed in 
the laboratory animal model,''~'? host immune re- 
sponse is less aggressive and more easily controlled when 
transplantation is accomplished shortly after birth. Im- 
munosuppression along with its side effects, (e.g., seri- 
ous infection, hypertension, and hepatorenal dysfunc- 
tion) are minimized in this age group. The same cannot 
be said for infants transplanted after the first 30 days of 
life. Three of the recipients presented here were trans- 
planted at 79, 86, and 101 days of age. Acute rejection 
was diagnosed and treated four to six times during their 
first 6 post-transplant months. These were the only re- 
cipients in whom overt clinical cardiac decompensation 
was observed at least once during a rejection episode, 
and they were the only recipients requiring antithymo- 
cyte globulin as rescue therapy to reverse the rejection 
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response. Nevertheless, two of these three infants had 
routine late endomyocardial biopsies that were free of 
rejection and/or fibrosis. Experience suggests that the 
“immunologic privilege” documented among newborn 
recipients does not extend much beyond the first month 
of life. 

A strong point can be made in support of in utero 
diagnosis of HLHS and other complex incurable cardiac 
malformations. A donor organ search begun at the 35th 
week of gestation would be likely to be successful. With 
a donor on-hand, the fetus may be delivered, begun on 
PGE-1, and transplanted almost immediately. This 
might be considered an ideal management plan for 
complex, incurable congenital heart disease. However, 
this sequence of events was experienced only once in 
this series of successfully transplanted recipients. (J. 
Johnston, RN, et al, unpublished data, 1988). 

Noninvasive diagnosis of graft rejection appears to be 
reliable in this age group (0-30 days) of transplant recip- 
ients. Clinical cardiac findings, which are considered 
late manifestations of graft rejection in older children 
and adults, are very reliable and useful indicators in 
infants transplanted as newborns. Other clinical findings 
such as irritability, fever, and anorexia are supportive 
but nonspecific for graft rejection. The same may be said 
of the myriad of laboratory assays aimed at early identi- 
fication of T-lymphocyte activation. The spontaneous 
blastogenesis assay may be a supportive immunological 
tool when interpreted in the light of other clinical and 
noninvasive cardiac diagnostic tests. An enlarging car- 
diac silhouette, perihilar edema, and pleural effusion on 
chest roentgenography each suggest graft rejection and/ 
or fluid overload. Of course, isolated pulmonary infil- 
tration may be confirmational evidence of infection. 
New arrhythmias and/or persistently diminishing com- 
bined QRS voltage on electrocardiography are consid- 
ered evidence of graft rejection until proven otherwise. 
A gradual or dramatic fall in percentage of shortening 
fraction and/or increasing thickness of the posterior left 
ventricular wall on repeated M-mode echocardiography 
are also suggestive of rejection. An individual recipient 
profile, developed over the first 6-8 post-transplant 
weeks, provides a norm against which later changes may 
be compared. Clinical intuition clearly plays a signifi- 
cant role in the interpretation of test results. 

A useful philosophy that has evolved from the experi- 
ence with this series of transplanted infants suggests that 
“the transplanted baby ought to be a well baby.” Any 
deviation from wellness during the first 6 post-trans- 
plant months renders graft rejection highly suspicious, 
provided that infection and/or drug toxicity can be 
comfortably ruled out. Experience with these recipients 
implies that noninvasive surveillance is adequate for this 
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age group. Late myocardial biopsies from the five oldest 
survivors showed neither rejection nor fibrosis of their 
cardiac grafts. 


Conclusions 


Assuming recipient immune response and infection 
are controllable (if not preventable), the ‘Achilles’ 
Heel” of infant heart transplantation is donor organ 
availability. This issue will become more intense as 
competition for infant organs increases among trans- 
plant centers. If each one were utilized, there would 
likely be enough potential infant organ donors in North 
America annually to meet the demand. Therefore, ob- 
ligatory steps in the evolution of infant heart transplan- 
tation are enhanced public awareness, professional edu- 
cation, and willing participation. Donor awareness must 
extend to grieving parents, reticent bedside pediatri- 
cians, nurses, social workers, and coroners’ offices. It 
must become inappropriate to terminate artificial life- 
support for a brain-dead newborn or infant without first 
considering whether or not the infant is an acceptable 
organ donor. Obtaining the parents’ and coroner’s con- 
sent, and initiating a nationwide UNOS search by way 
of local procurement agencies for a compatible recipient 
are all that is required. 

A second way to enhance infant donor organ supply is 
to create a mechanism within existing laws for utilizing 
some of the nearly 2000 liveborn anencephalics deliv- 
ered annually in North America. To this end, LLUMC, 
in connection with other supportive institutions, has 
devised a protocol under which maintenance care is 
provided to anencephalic infants of consenting families 
until brain-death diagnosis consistent with current law is 
documented. Thus far, of 14 donors for this series of 
transplanted infants, only one was an anencephalic in- 
fant who met brain death criteria. The donor heart has 
functioned well in its recipient for 6 months. 

Finally, cross-species transplantation should continue 
to be explored. Immediate availability, pretransplant 
immunologic selection, and ability to control the some- 
what more intense host cellular immune response con- 
tinue to make this an attractive donor option. Well- 
conceived and executed clinical trials of xenotransplan- 
tation are inevitable and should be accomplished. 
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The short-term results of cardiac transplantation in 
very early infancy appear excellent and compare favor- 
ably with cardiac transplantation results in any other age 
group. Life quality is generally superb. Chronic immu- 
nosuppression is minimal, well-tolerated without appar- 
ent side effects, and does not seem to produce increased 
vulnerability to lethal infectious complications. The 
protocol for noninvasive surveillance appears adequate. 
Time alone will resolve the questions concerning long- 
term outcome. 
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DISCUSSION 


DR. CONSTANTINE MAVROUDIS (Louisville, Kentucky): I congratu- 
late the authors on a well-presented landmark paper showing the ex- 
cellent short-term results of infant orthotopic transplantation for se- 
vere forms of congenital heart disease. 

Dr. Bailey has pioneered this field with thoughtful and well-executed 


animal research and now has followed with this superb clinical study. 
Our experience in Louisville has mirrored his in Loma Linda. 

From June 1986 to May 1988, we evaluated 18 infants for ortho- 
topic cardiac transplantation. Sixteen infants had hypoplastic left heart 
syndrome, one had endocardial fibroelastosis, and one had anomalous 
pulmonary artery origin of the left main coronary artery. All were 
newborns, except for the patient with the anomalous coronary who 
was 11 months old. 
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Nine families refused the protocol. Three families consented, but 
transplant was not performed because the infants died in the interim. 

One infant died waiting for a transplant. Six families consented, and 
transplant was performed in these six infants. 

One baby died in this series of six patients for an 83% short-term 
survival rate. The death occurred in a 2.2-kg infant who received a 
transplant from a 3.6-kg donor. Unrecognized donor dysfunction, cor- 
onary air embolism and size discrepancy caused the death. 

Our immunosuppression protocol is similar to that of Dr. Bailey’s 
group, and our general scheme for long-term management is similar. 
Our circulatory arrest time of 55 minutes is also similar. We, like Dr. 
Bailey, do not use long distance procurement. 

I have a few questions. How will you monitor the problem of ac- 
quired accelerated coronary atherosclerosis that will undoubtedly 
occur in some of these patients? 

Do you have any plans to institute perioperative OKT3 therapy to 
avoid the renal effects of cyclosporine as is going to be suggested by Dr. 
Gay in the next paper? 

Lastly, the diagnosis of rejection in these small infants, as you noted, 
is based on the number of clinical signs, symptoms, and laboratory 
results. Have you been able to devise a clinical scoring scheme that can 
be communicated to other centers which will be interested in per- 
forming this surgery in the future. 


DR. MORTON M. WOOLLEY (Los Angeles, California): I compli- 
ment Dr. Bailey and his associates at the Loma Linda University 
School of Medicine for this seminal presentation. 

Following appropriate laboratory experiments they have offered ne- 
onates born with the hypoplastic left heart syndrome an alternative to 
death at an early age or a palliative operation. 

Their initial experience presented in the manuscript indicates an 
early survival of 11 of 14 patients. The survivors are physiologically 
normal. In addition to the technical success of the procedure, the 
authors have addressed the overriding ethical issues. The stated deter- 
rent is a lack of available donors. 

I would like to ask Dr. Bailey the following questions: 

Because the rejection episode is significantly increased in the older 
infants, why have you excluded the low birth weight neonates from the 
surgical candidates? Would an intrauterine procedure offer a lesser risk 
of rejection? 

It is my understanding that anencephalic infants have some mid- 
brain function, and therefore, are not considered legally brain dead. Is 
there some legislation in process that might change this definition of 
brain death, allowing such infants to become available donors? 

Has the California Crippled Children’s Service or Medicaid agreed 
to fund the medical and surgical services? If not, how are you funding 
these expensive procedures? 


Dr. DOUGLAS M. BEHRENDT (Iowa City, Iowa): I am sure the entire 
Association shares my admiration for Dr. Bailey’s remarkable achieve- 
ment. For years many of us have wanted to do this operation for these 
unfortunate infants, but it was he who proved that it was feasible and 
has shown us how to take care of them. 

I would like to share with the Association our experiences with one 
patient (slide). This is an endocardial biopsy performed last week in a 
patient 6 months after transplantation. You can see the normal endo- 
cardium and above it the perfectly normal myocardium with abso- 
lutely no cellular infiltrate. 

This patient had hypoplastic left heart syndrome and underwent 
transplantation at seven days of age. Her postoperative immunosup- 
pression has consisted entirely of cyclosporine and azothioprine. Her 
azothioprine dose has been 2 mg/kg, and we have given her cyclospor- 
ine to achieve levels between 80 and 100 which is somewhat less than 
half the level at which we normally maintain adults. 

Despite this low immunosuppression, this child has had no rejec- 
tion, and as you can see, has a totally clean biopsy 6 months later. 
Because of this low level of immunosuppression, she has had none of 
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the associated complications; namely, no hypertension, no hirsutism, 
and no elevation in her creatinine level. Also, because she is not re- 
ceiving steroids, she is not cushingoid. We are very pleased with this. 

Although I do not wish to make too much of a single case, this 
perhaps illustrates the possibility that children operated on within the 
first week of life may have a far lesser tendency to undergo rejection 
and may be managed with much lower doses of immunosuppression 
than we are accustomed to using. Perhaps Dr. Mavroudis would wish 
to comment on this. 


DR. LEONARD BAILEY (Closing discussion): I thank each of the 
discussants, Drs. Mavroudis, Woolley, and Behrendt. You would think 
I asked all my friends to come up here and talk about this. 

Dr. Mavroudis inquired about the possibility of ischemic heart dis- 
ease later on. Anything I would say would be speculative except for our 
laboratory experience in which we have autopsied goats in late middle 
life after transplantation in the newborn period and have not been able 
to document ischemic heart disease in those hearts. 

In terms of the use of OKT3 to avoid renal dysfunction resulting 
from cyclosporine, we have not seen renal dysfunction with the use of 
cyclosporine in the newborn period. We believe there is something 
rather unique and interesting about newborn metabolism of this drug. 
We have not been able (even though we have tried) to produce renal 
dysfunction with cyclosporine in our newborn laboratory animals. 
Therefore, we now have a doctoral candidate working on what might 
be different about the metabolites of cyclosporine in the newborn, 
perhaps related to newborn liver function. 

Dr. Mavroudis also asked about a scoring system for risk of rejec- 
tion. We have a scoring system in our protocol although I cannot 
guarantee that it is 100% accurate. Our experience is limited, but the 
scoring system includes age at the time of transplantation. The younger 
the age, the better in our opinion. The interval from the time of the 
transplant to the first diagnosed rejection seems to play an important 
role in the scoring system. The relative HLA match is also of use, and 
gender, we believe, plays a role. Females seem a little more aggressive 
with their grafts. In our scoring system, if you get a score of 15 or less, 
you are likely to do well without intense surveillance. If you get a score 
of 15 or more, the surveillance is tighter. 

Dr. Wooley asked why we would exclude low birth weight infants. 
We have operated on infants weighing as little as 2000 g. There is going 
to be some technical consideration if you operate on low birth weight 
infants. I suspect the 1800-g baby could undergo transplantation. I 
would not operate before 35 weeks, perhaps 34 weeks, because there 
are some other penalties to pay for operating on a premature baby in 
terms of lung function and so forth. 

What about the possibility of intrauterine transplantation? That is 
certainly an imaginative thought. I am reminded of a wild criticism 
directed toward Dr. Lillehei when he was about to perform the first 
cross-circulation heart surgery. Dr. Lillehei was told that he would 
have the distinction of being the only surgeon to kill two patients with 
just one operation. He proved the criticism to be hollow by succeeding 
with cross-circulation and at the same time, made an important state- 
ment about the research millieu at the University of Minnesota. 

I do not know whether or not intrauterine transplantation could be 
done safely. 

The anencephalic issue is a bit of a quagmire. We have developed a 
protocol at Loma Linda to try to deal with the potential anencephalic 
donor within current statutes. There are some states that are debating 
the possibility of changing their statute for brain death to include the 
anencephalic infant. My guess is that may not be necessary. If you let 
the anencephalic infant take its natural history and simply resuscitate 
the organs, we might have a host of good organs to use. 

Finally, the funding issue. California Children’s Services and Medi- 
Cal have not yet agreed to fund our project. Metropolitan Life, 
CHAMPUS, and several HMOs have agreed to fund heart transplan- 
tation in newborns at our center. 

Finally, I would like to thank Dr. Behrendt for his comment, and I 
thank the Association. 
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OKT3 is a murine monoclonal antibody that is reactive against 
the CD3 surface antigen on T lymphocytes. This antigen ap- 
pears to be essential for recognition of foreign antigen and for 
initiation of the process of cell-mediated rejection. One 
hundred and two patients having orthotopic cardiac transplan- 
tation in a single program during a 3-year period received pro- 
phylactic immune suppression with OKT3, along with azathio- 
prine and low-dose steroids. Patients began receiving cyclo- 
sporine on Day 11; steroid-weaning was attempted 3 weeks 
after transplantation. In this group of patients, the time to the 
first rejection was 76 + 11 days (mean + SEM), and 85% were 
successfully weaned from maintenance steroids. Avoidance of 
the side effects of cyclosporine and/or high dose steroids dur- 
ing the perioperative period, combined with a long rejection- 
free interval and the likelihood of long-term maintenance free 
of steroids, make the use of OKT3 or similar agents an attrac- 
tive alternative to conventional immunosuppression. 


provement in both early and late survival after 

orthotopic cardiac transplantation, with several 
centers reporting 85% or greater 1- and 2-year actuarial 
survival rates.'~? Rejection, however, remains a major 
cause of the mortality that follows heart transplantation, 
and the search for the ideal agent to prevent or reverse 
this process continues. The purpose of this communica- 
tion is to report our experience with using the murine 
monoclonal antibody OKT3 as a major part of the im- 
munosuppressive prophylaxis in 102 patients. 

The CD3 surface antigen (formerly called T3) is 
found on all T lymphocytes,’ and appears to be essential 
for their immune function.” OKT3 is a murine mono- 
clonal antibody that is reactive against the CD3 surface 


I N RECENT YEARS, there has been remarkable im- 
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antigen and, as such, interferes with the ability of the 
human T lymphocyte to recognize a foreign antigen, 
hence delaying or ablating the initiation of cell-mediated 
rejection. OKT3 has been found to be more effective 
than conventional high-dose steroids in reversing rejec- 
tion in cadaveric renal transplant recipients,° as well as 
in immunosuppressive prophylaxis in renal transplan- 
tation.’ Encouraging early results have been reported 
concerning experiences with the use of this agent for 
both the treatment of refractory rejection and immuno- 
suppressive prophylaxis in cardiac transplantation.*' 


Materials and Methods 


Between March 1985 and March 1988, 143 orthoto- 
pic cardiac transplants were performed in 139 recipients 
(four underwent retransplantation) in the Utah Cardiac 
Transplant Program. In 102 patients, the murine mono- 
clonal antibody OKT3 was used for immunosuppressive 
prophylaxis according to the protocol outlined in Table 
1. An additional previously reported seven patients have 
received OKT3 for refractory rejection.® Rejection was 
monitored in all patients with serial endomyocardial 
biopsies obtained using standard techniques'* and ac- 
cording to the schedule in Table 2. Rejection, if present, 
was graded on a scale of 1 to 5: 1 = no evidence of 
rejection; 2 = cannot rule out mild rejection (rare peri- 
vascular lymphocytes); 3 = mild rejection (numerous 
perivascular lymphocytes); 4 = moderate rejection (in- 
terstitial lymphocytic infiltration, with or without myo- 
cyte necrosis); 5 = severe rejection (extensive interstitial 
lymphocytic infiltration, neutrophils, hemorrhage and 
obvious necrosis) (Table 3). In order to minimize the 
incidence and magnitude of early rejection, it has been 
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TABLE 1. Protocol for OKT3 Prophylaxis 


Corticosteroids 
Intraoperative: Methylprednisolone 500 mg in pump 
Day |: Methylprednisolone 125 mg IV q 8 hr 
Day 2-5: Hydrocortisone 1 mg/kg IV with Ist 3 doses of OKT3 
Day 6-15: Prednisone 0.25 mg/kg/day PO in 2 divided doses 
Day 16: Prednisone | mg/kg/day X 7 days, then tapered over 2 
weeks 
Azathioprine 
Preoperatively: 4 mg/kg over 1 hr 
Day | and thereafter: 2 mg/kg/day IV or PO (WBC > 4500 mm?) 
OKT3 
24-48 hrs postop: begin 5 mg IV daily x 14 days 
Pretreatment for Ist 3 doses 
Hydrocortisone | mg/kg IV 
Diphenhydramine 50 mg IV 
Ranitidine 10 mg IV 
Acetominophen 650 mg PO 
CSA 
Day 11 of OKT3 therapy: begin 6 mg/kg/day PO in 2 doses 
Maintenance adjusted to obtain a serum level of 100 to 300 ng/ml 
(RIA) 





our policy to treat mild (Grade 3) rejection rather than 
wait for the appearance of tissue necrosis. A recent re- 
port from the Stanford group seems to substantiate this 
approach. '4 

During OKT3 therapy, T cell subsets were deter- 
mined daily;'° if the CD3 positive fraction was greater 
than 1% of the baseline value within 24 hours of the first 
dose, the dosage was increased. In most instances, ad- 
ministration of OKT3 resulted in a virtual disappear- 
ance of T cells, as seen by a fall in the CD11 count to 
14% of baseline by Day 2 and 4% by Day 4. At the end of 
the first week of treatment, however, T cells reappeared 
in the circulation, but were reduced in number, being 
25% of baseline. These CD11 positive cells were then 
CD3 surface antigen-negative, and therefore had their 
antigen recognition properties altered.® 

An infectious complication is defined as any infection 
that results in the institution of specific therapy and/or 
leads to prolongation of the initial post-transplant hospi- 
tal stay or to rehospitalization. An early and aggressive 
approach was taken to the diagnosis and treatment of 
infectious complications, since any delay may be life- 
threatening. Every effort is made to determine the caus- 
ative organism and institute appropriate therapy. 


TABLE 2. Biopsy Schedule 





Ist biopsy: 5-7 days post-transplant 

Ist 6 weeks: weekly 

6-12 weeks: every 2 weeks 

3-6 months: monthly 

6-12 months: every 6 weeks 

12-18 months: every 2 months 

18 months and over: every 3 months 
Rejection: 5-7 days after treatment begun 
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Ten days after completion of OKT3 prophylaxis, an 
effort was made over a 2-week period to taper and dis- 
continue corticosteroid maintenance. If the endomyo- 
cardial biopsy score was greater than 2 after three at- 
tempts at steroid-weaning, no further attempt to discon- 
tinue steroid maintenance was made. 


Results 


Overall survival of the 139 patients was 92% and the 
actuarially determined 2- and 3-year survival was 90%. 
Of the 102 patients who received OKT3 prophylaxis, 80 
were followed for 4 months or more after their trans- 
plant, and constituted the basis for these results. The 
mean biopsy score over 4 months among these patients 
was 1.3 + 0.2 and there was an average of 1.5 + 0.2 
rejection episodes per patient over that period. A rejec- 
tion episode is defined as an histologic finding on endo- 
myocardial biopsy (Grade 3 or more) resulting in the 
institution of, or intensification of, antirejection ther- 
apy. The average time to the first rejection episode in 
this group was 76 + 11 days. There were 0.8 + 0.2 
infectious complications per patient over the first 4 
months after transplantation. Survival among these 80 
patients was 96%, and 68 (85%) were free of corticoste- 
roid maintenance (Table 4). In four patients (4%) who 
received OKT3 prophylaxis, return of CD3 positivity 
developed during prophylactic therapy, most likely in- 
dicating an existing antibody to the murine protein. 
This finding may necessitate using a larger dose of 
OKT3 or changing to an alternative form of cytolytic 
therapy. Eleven patients received a second course of 
OKT3 treatment because of refractory rejection, with 
resolution occurring in ten.'® Seven patients who had 
had no prior treatment with OKT3 received the anti- 
body for refractory rejection, with resolution occurring 
in 6. The one patient whose rejection process did not 
resolve was given OKT3 when he was moribund, and he 
died a few hours later. 

Additionally, a recent comparison of 68 patients re- 
ceiving OKT3 prophylaxis with 40 similar patients who 
received antithymocyte globulin revealed that the 
OKT3-treated group had a shorter hospital stay (17 days 
vs. 27 days).'’ It was possible for some patients to com- 
plete their OKT3 prophylaxis on an ambulatory basis. 


Discussion 


The CD3 surface antigen is present on all T lympho- 
cytes!” and is associated with the major histocompata- 
bility complex (MHC)-restricted antigen recognition 
site, or the so-called T cell receptor site.*!? It appears 
that alteration of this site leads to an inability of the T 
lymphocyte to recognize foreign antigen, resulting in an 
inhibition of ‘killer’ T cell function. OKT3 mono- 
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clonal antibody binds to the CD3 surface antigen, pro- 
ducing a modulation of the antigen response by altering 
the rejection signal normally triggered by the antigen 
recognition process of the T cell.!*7°?" 

The side effects associated with the use of OKT3 are 
always distressing and sometimes dangerous. During the 
first 72 hours of therapy with OKT3, a flu-like syn- 
drome develops that includes fever, chills, arthralgias, 
malaise, headache, nausea, and diarrhea. These symp- 
toms are believed to be caused by the release of vasoac- 
tive lymphokines from the T cells altered by OKT3 and 
lysed by the reticuloendothelial system. In order to mod- 
ulate these effects, patients are premedicated before the 
first several treatments with 1 mg/kg hydrocortisone, 50 
mg of diphenhydramine and 100 mg of ranitidine, intra- 
venously, and 650 mg of acetaminophen, orally; 6, 12, 
and 18 hours later, a half-dose of diphenhydramine and 
ranitidine and a full dose of acetaminophen are admin- 
istered. When OKT3 is used to treat refractory rejection, 
potentially dangerous side effects may develop. Sys- 
temic symptoms include fever, headache, nausea, and 
diarrhea. In about 25% of patients treated for rejection, 
hypotension requiring therapy occurs, and another 5% 
will develop pulmonary edema. Whereas endomyocar- 
dial biopsy done within several days of the administra- 
tion of OKT3 will usually show considerable improve- 
ment, myocardial edema, perhaps a manifestation of 
“capillary leak,” is also commonly seen at this time. 
These problems usually respond to H, and H3 blockers. 

Although approaches to early immunosuppression 
vary among cardiac transplant programs, we have 
adopted a philosophy of aggressive early prophylaxis. It 
is our strong belief that the patients will be better served 
if rejection is prevented or delayed in order to provide 
for the best possible cardiac function during the critical 
period immediately after transplantation. This will 
allow for recovery of other end-organ function, provide 
the most ideal milieu for wound-healing, and shorten 
the immediate postoperative hospital stay. It is hoped 
that avoidance of the intense therapy required for allo- 
graft rejection will lead to better graft tolerance and re- 
duce the requirement for long-term corticosteroid main- 
tenance. 

Steroid-free maintenance is not only desirable, but is 
becoming increasingly possible as a goal in cardiac 
transplant programs.’”-** In general, patients receiving 
steroid-free maintenance immunosuppression have a 
better sense of well-being, and experience less weight 
gain, fewer musculoskeletal complaints, and no cushing- 
oid side effects. Recently, it has also been found that 
patients who do not receive maintenance steroids have a 
lower serum cholesterol than those who do.”° It remains 
to be seen whether or not this latter finding will impact 
on the incidence of graft atherosclerosis. 
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TABLE 3. Rejection Grading and Treatment 


Findings Grade Treatment 

Normal l None 
Rare perivascular 

lymphocytes 2 None 
Numerous perivascular 

lymphocytes 3 Increased oral steroids 
Interstitial lymphocytes 

+ necrosis 4 I.V. steroids 
Extensive infiltration 

with necrosis 5 ATG, ALG, OKT3 


Despite our fears that patients would become sensi- 
tized after an initial exposure to OKT3, retreatment was 
possible. Eleven patients in our series were given a sec- 
ond course of OKT3 because of refractory rejection, and 
in ten patients, the rejection process resolved.'® In these 
patients, CD3 positive lymphocytes dropped to less than 
1% of baseline within 24 hours of receiving the first dose 
of OKT3, and there was histologic confirmation of reso- 
lution of rejection. 

In our series, nine patients exhibited sensitization to a 
panel of random donor lymphocytes (PRA > 5%), con- 
sidered by some to indicate a prospective donor-specific 
crossmatch. To date, we have not performed donor-spe- 
cific crossmatches prospectively, but there have been 
three patients with a positive retrospective crossmatch, 
including one of the nine with PRA > 5%. These pa- 
tients were treated with plasmapheresis to reduce the 
antibody load and received cyclophosphamide, rather 
than azathioprine, as anti-B cell therapy. One of these 
three patients has required retransplantation for refrac- 
tory rejection.” Recently, an additional patient died of 
hyperacute rejection during surgery. She was known to 
have a PRA of 21%, and during the transplant proce- 
dure, a positive donor-specific crossmatch was reported. 
This occurrence has prompted us to rethink our man- 
agement of recipients with PRA > 5%. Prospective 
donor-specific crossmatch, preoperative plasmapheresis 
and early institution of intense anti-B cell therapy are all 
under consideration. It is clear, however, that hypera- 
cute intraoperative humorally-mediated rejection can 
occur despite effective prophylaxis against cell-mediated 
rejection with OKT3 particularly since this agent is not 
given until 24 hours post-transplant in our protocol. 


TABLE 4. OKT3 Prophylaxis After 4 Months Follow-up (n = 80) 
O O OA n M alten it cela yale eee aS SBME YS — 


Index Result 
Rejection 1.3 + 0.2 episodes per patient 
First rejection 76 + 11 days 
Infections 0.8 + 2 per patient 
Survival 77 (96%) 
Off steroids 68 (85%) 
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Conclusion 


OKT3 monoclonal antibody provides effective im- 
munosuppressive prophylaxis against cell-mediated re- 
jection for cardiac transplantation when used as de- 
scribed herein. Virtually no rejection occurs during 
treatment, thus obviating the need for intense antirejec- 
tion therapy during the critical perioperative period. 
The side effects are easily managed by pretreatment with 
steroids, antihistamines and antipyretics. The prospects 
for long-term steroid-free Management are good, and 
the postoperative hospital stay for many recipients is 
significantly shortened. This agent may be the first of a 
family of monoclonal antibodies to prove useful in the 
management of the cardiac transplant recipient. 
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DISCUSSION 


DR. HENRY T. BAHNSON (Pittsburgh, Pennsylvania): From our own 
rather limited experience comparing this agent with rabbit antithymo- 
cytic globulin that we had made on the instruction of Dr. Charles 
Breber gave results that were actually a slightly better with our own 
RATG than with our limited trial to date with the OKT3. 


Our residents were delighted to return to our original treatment 
because of the side effects of OKT3 that your mentioned. You earlier 
said something about ameliorating side effects. We have not been as 
vigorous as you in the premedication treatment, but the side reactions 
are a serious problem to date. 
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Prognosis of gastrinoma patients with metastases to lymph 
nodes only is uncertain, and the true nature of isolated nodal 
gastrinomas remains controversial. The purpose of this study 
was to determine the outcome of such patients and whether 
nodal gastrinomas may occur as primary lesions. Eleven pa- 
tients with nodal involvement but without hepatic metastases 
are reported (mean follow-up of 129 months). Primary gas- 
trinomas were located in the duodenum in seven (Group 1) and 
not identified in four (Group 2). In Group 1, five patients re- 
mained eugastrinemic after excision of all gross tumors and 
gastrectomy (n = 4) or pancreaticoduodenectomy (n = 1), one 
patient had residual disease and died of other causes (survival 
of 88 months), and one patient had MEA-I syndrome with 
multiple gastrinomas (follow-up of 126 months). In Group 2, 
three patients became eugastrinemic after nodal excision and 
total gastrectomy (mean follow-up of 212 months) and may 
represent primary nodal gastrinomas, and in one patient, liver 
metastases developed and the patient died. Four deaths oc- 
curred in a 27-year period, but only one was tumor-related. 
There was no significant difference in 20-year survival rates 
between the two groups (85% vs. 75%). It is concluded that 1) 
lymph node gastrinomas are usually metastatic from primary 
duodenal lesions, 2) although rare, nodal gastrinomas may 
occur as primary lesions, and 3) in the absence of hepatic 
metastases, lymph node gastrinomas, whether primary or met- 
astatic, have a good prognosis and should not deter aggressive 


surgical treatment. 
| linger-Ellison syndrome has been significantly 
altered by the advent of the histamine H3 re- 
ceptor antagonists.! The realization that these agents 
can successfully control gastric acid hypersecretion has 
made operative intervention less urgent, and in many 


HE MANAGEMENT OF patients with the Zol- 
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instances, less frequently performed. With improved 
medical control of the hyperacidity and the ability to 
make an earlier diagnosis, the mortality in this syn- 
drome is now less often due to the complications of acid 
peptic ulceration.” Instead, more patients are now dying 
from the relentless growth of unresected tumor and the 
metastases which may develop as the result of delayed 
operative intervention. 

It is well-known that gastrinomas that are metastatic 
to the liver have a poor prognosis, with death occurring 
from progressive tumor growth.* However, the prognos- 
tic significance of metastases to lymph nodes in the ab- 
sence of hepatic involvement is not generally known. It 
is also not certain whether the traditional assumption 
that presence of lymph node metastases may imply a 
poor survival is true;* a recent report indicates that this 
may not be the case.’ Furthermore, it has been reported 
that surgical excision, with or without accompanying 
total gastrectomy, of extrapancreatic, extraintestinal 
gastrinomas in lymph nodes has resulted in apparent 
cure. This has led to the assumption that such lesions 
may represent primary gastrinomas arising in lymphoid 
tissue. 

The purpose of this study was to review our experi- 
ence with the Zollinger-Ellison syndrome, with particu- 
lar attention to three specific aspects of the neoplastic 
process in these patients: 1) to evaluate the prognostic 
significance, by long-term follow-up, of lymph node in- 
volvement in the absence of hepatic metastases, 2) to 
define the most common location of the primary tumor 
in these patients, and 3) to determine if isolated lymph 
node gastrinomas are primary entities. 
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FIG. 1. Gross appearance of a representative lymph node with meta- 
static gastrinoma. 


Methods 


Since 1960, 41 patients with the Zollinger-Ellison 
syndrome have been treated and followed by the surgi- 
cal service at the University of Kansas Medical Center. 
Thirty-seven patients (90%) underwent exploratory lap- 
arotomy with staging, and were classified as having ei- 
ther: tumor confined to the pancreas only (five patients) 
or to the duodenum only (three patients), tumor in the 
lymph nodes without hepatic metastases (eleven pa- 
tients), tumor in the liver (eleven patients), with or 
without lymph node involvement, or no histologic con- 
firmation (seven patients). Only four patients who were 
either poor surgical risks (n = 2) or had preoperative 
demonstration of hepatic metastases (n = 2) were 
treated nonoperatively with H, receptor antagonists and 
antacids. The eleven patients with lymph node involve- 
ment but without demonstrable hepatic metastases con- 
stitute the basis of this report. 

In this group of eleven patients, there were five men 
and six women, having at the time of diagnosis a mean 
age of 43.2 years (range: 14-66 years). All eleven pa- 
tients had unequivocal clinical and laboratory evidence 
of the Zollinger-Ellison syndrome. The diagnosis was 
confirmed before surgery by obtaining the serum gastrin 
levels of every patient, except when the urgency of clini- 
cal presentation precluded preoperative confirmation of 
the diagnosis (one patient) or when patients presented 
before the availability of the gastrin assay (two patients). 
Early in this series, serum gastrin concentrations were 
assessed by the bioassay method,’ until radioimmunoas- 
say techniques afforded quantitative determinations. 
The current method for radioimmunoassay determina- 
tions at our institution is the use of the Becton-Dickin- 
son'™ kit (Becton-Dickinson and Company, Orange- 
burg, NY), which gives normal values of less than 100 
pg/ml; however, the early experience in this institution 
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with radioimmunoassay determinations gave normal 
values up to 250 pg/ml. Therefore, normal values for 
some patients in this study are considered less than 100 
pg/ml, or less than 250 pg/ml, depending on when they 
were entered into the study. All patients have been eval- 
uated at regular intervals with either some or all the 
following: serum gastrin determinations, secretin stimu- 
lation tests, calcium infusion tests, liver function tests, 
computerized tomography, angiography, liver-spleen 
scans, ultrasonography, and second-look operations. 
Survival patterns were studied by life-table analysis of 
adjusted survival. Significance of difference in survival 
patterns was determined by Breslow’s generalized Wil- 
coxon test. A p value of less than 0.05 was taken to 
indicate a significant difference. 


Results 


Eleven patients were found to have lymph node in- 
volvement in the absence of hepatic metastases. Figures 
1 and 2 show the gross and microscopic appearance, 
respectively, of a representative lymph node. The mean 
period of follow-up for these eleven patients was 129 
months (range 26-317 months). These patients were di- 
vided into two groups: seven patients with an identified 
primary gastrinoma (Group 1) and four patients with 
gastrinomas confined to the lymph nodes (Group 2). 

A primary gastrointestinal (G.I.) gastrinoma was 
identified in each of the seven patients of Group 1 (Fig. 
3). These primaries were all found to be located submu- 
cosally in the duodenum. One of these patients (who has 
MEA-I syndrome) has also been found to have gastric 
and pancreatic gastrinomas. All of the metastases in this 
group of patients were confined to the pancreaticoduo- 
denal lymph nodes (Fig. 3). Only patients with duodenal 
primaries had lymph node metastases in the absence of 
hepatic involvement; all patients with pancreatic pri- 
maries who had lymph node metastases (n = 4) also had 
hepatic metastases at the time of diagnosis. Five of the 
seven patients of Group 1 had excision of all visible 
duodenal and lymph node tumor plus total gastrectomy 
(n = 4) or pancreaticoduodenectomy (n = 1). Three of 
these five patients were reoperated (at 11, 11, and 48 
months, respectively) because their serum gastrin con- 
centrations did not return to normal after the initial 
tumor excision. In each case, an additional lymph node 
with metastatic gastrinoma was removed, resulting in 
normal postoperative serum gastrin concentrations. 
These five patients all remained eugastrinemic (Fig. 4) 
and free of recurrence; one died of unrelated causes 26 
months after diagnosis, and the other four are alive and 
well, with a mean follow-up of 95 months (range 38 to 
179 months). The sixth patient in Group 1 had exten- 
sive duodenal gastrinomas that would have required 
pancreaticoduodenectomy for complete excision; he re- 
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Fic. 2. Microscopic appear- 
ance of the lymph node in 
Figure 1. 


fused the operation and continued to have markedly 
elevated serum gastrin concentrations. Although this pa- 
tient had progression of disease, no hepatic metastases 
developed, and he died of unrelated causes (follow-up of 
240 months). The seventh patient in Group | has 
MEA-I syndrome; after excision of multiple gastrino- 
mas, she now has a mildly elevated serum gastrin con- 
centration with a positive secretin stimulation test, but 
remains free of liver metastases (follow-up of 126 
months). 

For three patients in Group 1, the only intraoperative 
finding at the initial operation was lymph node gastri- 
nomas. Because it was suspected that these represented 
metastatic lesions, one patient was given a pancreatico- 
duodenectomy and two patients underwent total gas- 
trectomies for control of gastric hypersecretion (preci- 
metidine era). Pathological examination revealed an oc- 
cult duodenal gastrinoma in each specimen. In the first 
case, a 3 mm submucosal gastrinoma was found in the 
second portion of the duodenum. In the gastrectomy 
specimens, one gastrinoma was found just distal to the 
pylorus and the other was discovered at the base of a 
duodenal ulcer crater. These three gastrinomas were not 
recognized by the operating surgeon, even though a 
careful search for a primary tumor was conducted. Two 
of these primaries would have been missed altogether 
had the attending surgeon not requested that the speci- 
mens be re-examined and submitted entirely for histo- 
logic examination. 
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The four patients of Group 2 are considered to have 
gastrinomas confined to lymph nodes (Fig. 5); another 
primary tumor was not found in any of them, despite 
the fact that they were all reoperated and surgically ex- 
plored. Three patients of Group 2 had a single lymph 
node involved and remained eugastrinemic after total 
gastrectomy and lymph node excision (Fig. 6); one of 
these three patients died of unrelated causes 240 months 
after diagnosis, whereas the other two are alive and well 
after 99 and 317 months of follow-up, respectively. The 
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Fic. 3. Location of primary gastrinomas and lymph node metastases in 
seven patients (Group 1). 
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FIG. 4. Pre- and postoperative serum gastrin concentrations for Group 
1 patients. (Asterisks indicate reoperations on individual patients.) 


fourth patient of Group 2 had two nodal gastrinomas 
adjacent to the lesser curvature of the stomach, which 
were removed during the time that subtotal gastrectomy 
and vagotomy were performed. The serum gastrin con- 
centration returned to the normal range after surgery; 
however, 8 months after operation, the gastrin concen- 
trations were again markedly elevated (Fig. 6). Two ad- 
ditional surgical explorations (one at 8 months, includ- 
ing total gastrectomy, and the other at 14 months) failed 
to reveal any gross tumor, yet the fourth operation (at 23 
months) revealed diffuse liver metastases. At 26 months, 
the patient died of hepatic failure; this constitutes the 
only tumor-related death for both groups. 

A total of four deaths occurred over a 27-year period, 
but as mentioned above, only one of these deaths was 
tumor-related. Life table analysis of survival data for all 
eleven patients with lymph node involvement indicates 
a 20-year survival of 83%, with no significant difference 
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FIG. 5. Location of isolated lymph node gastrinomas in four patients 
(Group 2). 
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SERUM GASTRIN LEVELS IN 4 PATIENTS 
WITH ISOLATED LYMPH NODE GASTRINOMAS 
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FIG. 6. Pre- and postoperative serum gastrin concentrations for Group 
2 patients. The two patients in the top figure were operated on before 
the availability of gastrin assays and thus had no preoperative serum 
gastrin values. The two patients in the lower graph had pre- and post- 
operative serum gastrin values. (Asterisks indicate reoperation on indi- 
vidual patients.) 


between the patients of Group 1 (85%) as compared with 
those of Group 2 (75%) (Fig. 7). 


Discussion 


In 1955, Zollinger and Ellison first described a syn- 
drome characterized by a severe form of peptic ulcer 
disease accompanied by marked hypersecretion of gas- 
tric acid and non-beta-islet cell tumors of the pancreas.’ 
Historically, the treatment of this syndrome has been 
directed toward removal of the end organ, in order to 
correct the often fatal peptic ulcer disease. Traditionally, 
this has been accomplished with total gastrectomy. 
More recently, however, the success of drugs such as 
cimetidine,”'° ranitidine,'! famotidine,'? and omepra- 
zole'*'* in treating the gastric hypersecretion has re- 
sulted in fewer patients’ requiring total gastrectomy.® 
With earlier diagnosis and better medical control of the 
acid hypersecretion, these patients are now less likely to 
succumb to the complications of acid peptic ulceration; 
instead, they are now suffering with increasing fre- 
quency the consequences of the malignant behavior of 
these slow-growing neoplasms.” 

Although it has been frequently stated that at least 
60% of gastrinomas are malignant, neither their size nor 
their histologic appearance accurately reflect their bio- 
logic behavior. Malignant disease has been presumed 
present when gastrinomas are found in a metastatic site, 
such as a lymph node or the liver. Indeed, it has been 
reported that the presence of either liver**!*'’ or lymph 
node*'* metastases results in a decreased survival. How- 
ever, in a recent report, Stabile and Passaro’ have called 
attention to the fact that lymph node metastases in the 
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absence of hepatic involvement may not be associated 
with a poor outcome. They further reported that liver 
metastases developed in only 1 of their 15 patients who 
were found to have gastrinoma in the lymph nodes, and 
even this occurred late in the course of a disease span- 
ning 26 years. They therefore concluded that there are 
two distinct groups of patients with gastrinomas: those 
with “clinically benign disease” and those whose disease 
is “clinically malignant,” and furthermore, that these 
two groups cannot be differentiated by histologic crite- 
ria, but rather by only the distribution of the tumor 
within the abdomen. The findings of the present study 
support their observations, with only one of the eleven 
patients in this series having developed liver metastases. 

When exploring a patient with documented Zol- 
linger-Ellison syndrome, occasionally, the only intraop- 
erative finding is an extrapancreatic, extraintestinal gas- 
trinoma that is apparently confined to a lymph node. 
This finding always raises the question of whether the 
neoplasm represents an isolated aberrant primary 
lymph node gastrinoma or simply a metastatic lesion 
from an occult primary. Several authors have reported 
groups of patients in whom extirpation of such extrain- 
testinal, extrapancreatic nodal gastrinomas has resulted 
in eugastrinemia and cure.*'?-*’ These reports lend sup- 
port to the notion that these isolated aberrant lymph 
node gastrinomas may indeed be primary lesions. How- 
ever, it should be noted that, in most of these cases, a 
total gastrectomy was also performed. It is therefore pos- 
sible that occult primary microadenomas that are some- 
times no larger than 2-3 mm in size could have been 
removed as part of the total gastrectomy specimens. In 
this study, three such occult primaries were unwittingly 
removed and almost missed during careful pathological 
examination. 

In the present series, there were four patients who 
were found to have lymph node gastrinomas; no other 
primary tumor was detected, despite careful initial sur- 
gical exploration and repeated laparotomies. Removal 
of these isolated lymph node gastrinomas, combined 
with total gastrectomy, resulted in eugastrinemia and 
“cure” in three of these four patients. Unfortunately, the 
specimens are no longer available for re-examination, 
and therefore, the question of whether these four lymph 
node gastrinomas represented primary nodal or meta- 
static lesions cannot be conclusively answered. Re- 
cently, however, there have been reports of lymph node 
gastrinomas that have been “cured” by simple excision 
without any additional gastric surgery.” We must con- 
cur with the conclusion of others that, although such 
occurrences are rare (only 9 patients have been re- 
ported), isolated lymph node gastrinomas may occur as 
primary lesions.°?°?* From a practical viewpoint, 
however, whether isolated nodal gastrinomas are con- 
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Fic. 7. Life table analysis of survival in eleven patients with lymph 
node involvement. 


sidered to be primary or metastatic lesions, the 20-year 
survival is very good in both groups. 

An interesting finding of this study was that all cases 
of isolated lymph node metastases occurred in patients 
with submucosal duodenal primaries. Based on this 
finding, the recommendation can be made that when a 
surgeon is surgically exploring a patient with the Zol- 
linger-Ellison syndrome and the only initial finding is 
lymph node involvement with no evidence of hepatic 
metastases, the search for a primary tumor should be 
directed to the duodenum. The duodenum should not 
only be completely mobilized for meticulous palpation, 
but also opened so that a more complete search for pos- 
sible submucosal lesions may be conducted. As early as 
1964, Oberhelman2> advocated duodenal excision and 
Whipple operations for the treatment of duodenal gas- 
trinomas. 

The results of this study also emphasize the impor- 
tance of careful postoperative follow-up. Specific atten- 
tion must be paid to the serum gastrin concentration; if 
it does not return to normal in the early postoperative 
period, the patient should be carefully studied in prepa- 
ration for removal of residual disease. In this study, 
three patients with lymph node metastases showed a 
decrease in serum gastrin levels after excision, but eu- 
gastrinemia was not achieved. Re-exploration in these 
three patients revealed lymph nodes containing meta- 
static gastrinoma. Excision of these lymph nodes re- 
sulted in eugastrinemia and “cure” in all three patients. 
All patients who became eugastrinemic after surgery 
demonstrated a nonresponsive secretin stimulation test 
when studied. 

In summary, it is concluded that gastrinomas that are 
found in lymph nodes may be either metastatic from 
submucosal duodenal primaries or aberrant primary 
nodal lesions, and that, in the absence of hepatic in- 
volvement, lymph node gastrinomas, whether primary 
or metastatic, have a good prognosis and should not 
deter aggressive surgical treatment. 
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DISCUSSION 


DR. JAMES C. THOMPSON (Galveston, Texas): Dr. Friesen has one of 
the largest series of personally followed gastrinomas in the country. It is 
a gold mine that he and his colleagues worked in for a long time, and 
this is a splendid contribution. 

Harry Oberhelman was, I believe, the first person to suggest that if 
you removed a duodenal tumor, the patient might be cured. That 
experience has not been general. His series of patients is probably 
unique, and certainly in our experience, duodenal gastrinomas have 
not been cured by either wide or local excision. Sometimes they may 
be, but usually they are not. 

About 6 years ago, a paper appeared in the New England Journal 
from Dr. McGuigan’s group that suggested if extrapancreatic, extrain- 
testinal tumors were removed—if they were solitary (or if they were 
multiple and near one another)—that you might achieve a cure. | They 
reported, I believe, four patients in whom “cure” had been achieved. 

We were fascinated by that, because we have had four similar cases. 
and in fact, all four of them had been rendered eugastrinemic after 
removal of extrapancreatic extraintestinal gastrinomas. 

We had a patient who had a liver tumor that we assumed to be a 
metastasis. We removed that man’s right hepatic lobe, and when we 
did so, his gastrin levels became normal, so we assumed that the tumor 
was primary in the liver. We followed this man for about 4 years, and 
he died of a Chlamydial pneumonia. We secured an autopsy and 
found, to our great surprise, that he had a small tumor in his pancreas, 
even though his gastrin levels had been normal all that time. I do not 
know whether that tumor in his pancreas gave rise to the hepatic 
metastasis or not. 

Some 5-15% of a collected series of gastrinomas are in extrapancre- 
atic nodes, and it is this group of patients that leads to the very highest 


cure rate in this disease. Primary liver and primary kidney gastrinomas 
have both been described. 

One of the questions that obviously arises in these patients is: how do 
we know, after removing a tumor, whether we have achieved a cure? 
Could we be helped if we had a rapid radioimmunoassay for gastrin, 
similar to the quick-assay for insulin developed by Reinherd Teich- 
mann? If we took out a tumor and the gastrin level fell to normal. 
would this indicate a cure? We worked on this for a long time. A 
colleague, Phillip Rayford, finally achieved a radioimmunoassay for 
gastrin that he could perform in 2.5 hours. But to our surprise, we 
found that in many of those patients (those in whom we removed the 
primary tumor and whose gastrin levels fell to normal), if we followed 
them for a week or a month, their gastrin levels would begin to rise, and 
they developed high levels. I believe, therefore. that a rapid gastrin 
assay would not be the answer. 

In terms of localizing the tumor, we have found that intraoperative 
ultrasonography is helpful. I would like to ask the authors about their 
experience with that. 

Another finding that has surprised us is that the prognosis of patients 
in whom no tumor is found turns out to be excellent. I wonder if Dr. 
Delcore would tell us the sequelae in his patients in whom no tumor 
was found? What course of action does he recommend for patients in 
whom no tumor is found? The last sentence of his abstract says that 
this should not preclude aggressive surgical management. I feel fairly 
aggressive about this disease, but if I find an isolated tumor. that is the 
one time that I would not perform a gastrectomy. 

Last, I would like to remind us all about the absolute necessity of 
operating on every single gastrinoma patient. The concept arose from a 
review article from the NIH by Dennis McCarthy,’ that the failure rate 
was so high that it was not worthwhile to operate on these patients. | 
believe that is not correct. We operate on every other functioning 
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endocrine tumor from the pancreas, and we should certainly operate 
on these patients, because only in those patients in whom we operate 
can we find these tumors with good prognosis, excise them, and leave 
these patients with a normal life expectancy. 

I really greatly enjoyed this paper. 
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Dr. EDWIN L. KAPLAN (Chicago, Illinois): I want to congratulate 
Dr. Friesen and his group. They have added greatly to our under- 
standing of the Zollinger-Ellison syndrome and other apudomas over 
the years. 

I want to comment further on some of the same patients that Jim 
Thompson talked about from Dr. Oberhelman’s group. At the Univer- 
sity of Chicago we are now following over 30 patients with gastrin- 
omas. In the past year we reported on DNA analyses of gastrinomas. 
Perhaps this method can be used in the prognostic assessment of ag- 
gressiveness of these tumors. 

Most of our tumors were diploid no matter where the primary was. 
Two of the tumors which were the most aneuploid also turned out to 
be the most aggressive of the lesions. One of the gastrinomas was a 
pancreatic primary and had progressive liver metastases. The second 
one was a duodenal primary in a patient with the MEN-I syndrome. 
Gastrinomas arising in patients with MEN-I are supposed to be less 
aggressive than those that occur sporadically. When this patient with 
MEN-I was first operated on, there were only lymph node metastases; 
however, later the patient developed liver metastases and lung metas- 
tases. This patient demonstrated the most aneuploidy of all the gas- 
trinomas in our series and had the most aggressive tumors. 

I agree that most of the time lymph node metastases are not neces- 
sarily a sign of aggressiveness. On the other hand, not all liver metas- 
tases progress in an aggressive fashion. This is clearly shown by one of 
our patients operated on by Dr. Donald Ferguson about 20 years ago. 
At that time multiple liver metastases were present and were biopsied. 
The patient had a total gastrectomy. Currently an elevated gastrin level 
is present, but the patient is alive 20 years later. These liver metastases 
proved to have a diploid pattern on analysis. Therefore, it appears that 
tumor aggressiveness cannot be predicted with certainty by the pres- 
ence or absence of either lymph node metastases or liver metastases. 

Finally, we have had one patient with isolated nodal metastases near 
the head of the pancreas. After their removal the serum gastrin level 
was normal. This patient had previously undergone a subtotal gastrec- 
tomy. One wonders if perhaps a small unrecognized gastrinoma was 
removed at that time of the gastrectomy. Otherwise this lesion is an 
ectopic primary in a lymph node. 

I would like to ask a similar question as Dr. Thompson. When you 
cannot find a tumor at the time of operation, do you think that the 
primary may be in the duodenum? 


Dr. PAUL H. JORDAN, JR. (Houston, Texas): (Slide) We have had 
seven patients with positive lymph nodes and no liver metastases. Five 
of these patients had a duodenal primary and in two patients no other 
primary was found. The two patients with no known primaries other 
than the lymph node are identical, and I would like to show you one of 
these. 

(Slide) This patient was operated on in 1986, and I could not find a 
primary gastrinoma anywhere. The acid secretion was very high. The 
gastrin level was also high, and he had a paradoxical response to secre- 
tin. Therefore, what do you do when you do not find anything at 
operation? In this patient, I performed a highly selective vagotomy, 
which resulted in about a 50% decrease in both the basal and stimu- 
lated acid secretion. This patient continued to have a high gastrin level 
but his secretion could be controlled when he was titrated adequately 
with an H, blocker. 

(Slide) A couple of years later we performed percutaneous transhe- 
patic portal sampling and found a hot spot. We reoperated on the 
patient (slide) and removed a tumor, which was a lymph node right 
behind the uncinate process. A number of cases like this have been 
reported. 
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Sircus in England said that these were not lymph nodes, but were 
just collections of lymphocytes around a tumor. In the paper just 
presented and in our case, these are clearly lymph nodes and they are 
not collections of lymphocytes. 

(Slide) After surgery our patient’s serum gastrin level fell immedi- 
ately and in 24 days was back to normal. The acid secretion fell to zero 
on basal and he no longer had a paradoxical secretin test. The peak 
acid output to pentagastrin was 12 mEq. 

It seems like our two cases had de novo tumors arising in lymph 
nodes, but as Dr. Thompson said, it may take a long time to see 
whether or not these values will rise. 

It has been 1.5 years since surgery in one of our patients and the 
values have not risen. 

It is difficult to understand how lymphocytes can differentiate into 
neuroendocrine cells. It may be possible that this happens, but cur- 
rently we do not have evidence that it does. 

There is the possibility that lymph nodes have heterotopic pancreas 
in them, and it is the heterotopic tissue that develops into a Zollinger- 
Ellison tumor. 

There is only one case reported in the world literature where hetero- 
topia in a lymph node has been reported. Dr. Baggrum, a pathologist at 
the Sinai Hospital in Baltimore, has studied this question. He has 
examined an average of 24 lymph nodes in the Passaro triangle in 87 
consecutive patients and has never seen pancreatic heterotopia; there- 
fore, heterotopia may not be the answer to this problem. It may be 
possible that a small nonfunctioning primary in the pancreas or else- 
where that can metastasize is the origin of some of these tumors. 

I would like to make one other comment about the authors’ paper, 
that stresses being aggressive in the treatment of patients who do not 
have liver metastases. I agree with Dr. Kaplan that sometimes we 
should be very aggressive with patients who have liver metastases be- 
cause we do not know what the rate of growth is. We have one patient 
who had a lymph node removed that had a tumor in it. There was one 
liver metastases. These were removed and he lived 10 years before he 
had a recurrence of his elevated serum gastrin. We found another liver 
metastases which was removed. He is now a practicing lawyer 13 years 
after the original operation and he has no problems. I believe we need 
to consider the possibility of being aggressive for even some of those 
patients with liver metastases. 


DR. FREDERIC E. ECKHAUSER (Ann Arbor, Michigan): Dr. Norman 
Thompson unfortunately could not attend the meeting today and 
asked that I make a few comments about Dr. Friesen’s paper pertain- 
ing to our own experience. 

Philosophically we agree with many of the points emphasized by Dr. 
Friesen’s group. It is now estimated that 20-40% of patients with 
sporadic gastrinoma can be treated successfully by tumor resection 
without the necessity for gastric resection or life-long drug therapy. To 
accomplish this, however, the tumor must be identified at operation. 
Unfortunately, up to 40% of the patients with Zollinger—Ellison syn- 
drome have occult tumors despite meticulous exploratory procedures. 
Preoperative tumor localization has become increasingly important 
for optimizing the results of surgery. Neither computed tomography 
(CT) nor visceral angiography are sufficiently sensitive to demonstrate 
tumors less than 15 mm in diameter. 

Since 1979 we have placed great emphasis on transhepatic venous 
sampling and evaluation of gastrin gradients comparing simultaneous 
venous and arterial levels. Using this technique we have identified 
gastrinoma in all but one of the last 46 cases analyzed. 

Many so-called occult gastrinomas are eventually found in the wall 
of the duodenum and may be only several millimeters in diameter. 
These microadenomas may not be palpable through the bowel wall 
and may be found only after duodenotomy and meticulous evaluation 
of the mucosa by eversion and direct palpation. 

We have identified and successfully removed microadenomas in 
four patients. Two of these lesions were benign and two were malig- 
nant with associated metastatic lymph nodes that were removed at 
operation. 

All of these patients were rendered euglycemic by operation even in 
response to secretin stimulation, and none have required medication 
for recurrent peptic ulcer disease during an average follow-up period of 
nearly 15 months. 
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We would disagree somewhat with Dr. Friesen’s suggestion that 
gastrinomas can occur as lymph node primaries. Perhaps the occult 
lesions responsible for these metastases are simply too small to be 
detected easily with conventional studies. Perhaps this may be analo- 
gous to the minute sclerosing papillary carcinoma of the thyroid with 
bulky lymph node metastases. 

In this setting, transhepatic venous sampling and meticulous evalua- 
tion of the duodenum at operation are essential for identifying and 
removing the tumor. 

We believe as do others that the biological behavior of extrapancre- 
atic malignant gastrinomas may be more favorable than those occur- 
ring in the pancreas and agree with Dr. Friesen that local excision of 
the primary tumor and any involved regional lymph nodes may be 
sufficient to cure these patients. 


DR. EDWARD PASSARO, JR. (Los Angeles, California): This is an 
important paper and there are three points I will comment on. The first 
is the frequency of lymph node involvement, which in the authors’ 
experience is about 40% in its significance. The second is identification 
of tumors that potentially can be cured by excision, and the third 
concerns the discussion we have heard about primary versus metastatic 
gastrinomas. 

(Slide) This slide emphasizes the point made by the authors that the 
finding of gastrinoma tissue in a lymph node (metastatic) does not 
mean that the patient has a poor prognosis. We have reported pre- 
viously that the prognosis in these patients is as excellent as in those 
patients having tumors confined to the pancreas or duodenum, or 
those in whom the tumor is not found at all. 

(Slide) The second point concerns cure. To cure the patient you have 
to find the tumor. An easy way to do so is by looking in the anatomic 
area where most of the tumors are found and subsequently cured on 
removal. I would like to ask the authors where the tumors were located 
in their patients. 

Lastly, in the presentation and subsequent discussion, mention is 
made of tumors located in the wall of the stomach or duodenum in 
association with those tumors found in lymph nodes. It is possible that 
here may be a spectrum of tumors, some of which contain gastrin-pro- 
ducing cells and some which do not? I ask the authors, therefore, if they 
have done any immunocytochemical studies of the small nodules they 
have noted to see whether they contain gastrin or not? 


DR. ANDREW L. WARSHAW (Boston, Massachusetts): I have one 
question for clarification from the authors. If I understand their pre- 
sentation, they performed total gastrectomies on all of these patients 
despite the fact that the isolated tumors, whether in the duodenum or 
lymph nodes, were removed as shown by normal gastrin levels. Many 
of the discussants implied that they would have taken the primary 
tumor out without doing a total gastrectomy, and that would have 
been our approach to this. I wonder if the authors could clarify what 
their future approaches will be. 


DR. HARRY A. OBERHELMAN, JR. (Stanford, California): Jim 
Thompson’s remarks about our unique series, I am pleased to say have 
continued to remain unique in that I now have 15 duodenal tumors 
that have been controlled by local excision or by early pancreaticoduo- 
denectomy. 

We had one patient who demonstrated a so-called primary nodal 
metastasis, but the patient died 6 months later of a myocardial infarc- 
tion and the duodenal ulcer was found at autopsy, although he re- 
mained asymptomatic. 

I have one question I would like to ask. Have those patients who 
have normal gastrin levels had secretin stimulation tests to indicate 
that the gastrin level is indeed normal? 
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The last two duodenal ulcers that we have had with nodal metastases 
have had relatively low gastrin levels, and it has required the gastrin 
stimulation test to make the diagnosis. In addition, we have had some 
experience with selective angiography. This has proved useful in iden- 
tifying tumors that have been less than | cm in diameter. 


DR. STANLEY R. FRIESEN (Closing discussion): Dr. James Thomp- 
son brought up the name of Dr. Harry Oberhelman, who was one of 
the first to call attention to the fact that gastrinomas can be in the 
duodenum and that excision of them by local or radical resection may 
result in a favorable prognosis. 

Although we had some early duodenal gastrinomas, it was not until 
the last 10 years that we began to see them more frequently. I believe 
they are being diagnosed earlier than they were years ago because of the 
more routine use of serum gastrin assays in patients with diarrhea and 
in patients with ulcer diseases. In fact, most of our duodenal gastrin- 
omas are microadenomas. They are very small, 2, 3, or 4 mm; the 
lymph node metastases from them may be much larger. 

Of our seven patients with lymph node metastases from known 
primaries, three of those primaries were identified only after operation. 
When we noticed that these patients were eugastrinemic shortly after 
operation, that is after removal of a positive lymph node together with 
total gastrectomy or Whipple resection, we asked the pathologists to 
restudy the specimens. They found a small duodenal primary gastrin- 
oma in each patient. The tumors are in the submucosa, not mucosa, 
and are neurocrine cells like the carcinoid cells described by Masson. 

In the four patients designated as having isolated aberrant primary 
nodal gastrinomas, we have not been able to find another primary 
lesion. Some of the early surgical specimens are no longer available for 
study. 

In one of those patients, the first operation was removal of the lymph 
node gastrinoma, but the syndrome progressed. The patient did not 
become eugastrinemic until a total gastrectomy and a partial pancre- 
atectomy were done. On the other hand, there are a few reported cases 
ofa cure, notably the first by Rawson in 1960, after excision of a nodal 
gastrinoma without another procedure. 

I have been asked what my recommendations for intraoperative 
management are when a lymph node is found to be positive on neuro- 
endocrine studies at frozen section or in other instances when no 
tumor is found on initial exploration. I believe it is important, after the 
pancreas has been examined, to look in the duodenum. This requires a 
duodenotomy to look inside and to evert the mucosa to feel for these 
submucosal tumors. 

If a single duodenal gastrinoma is found I would advise a local 
excision, if possible, but if no tumor is readily identified, an antrec- 
tomy should be performed because that duodenum on that antrectomy 
specimen may contain an occult microadenoma in the submucosa. 

Only within the last 6 weeks have I been told about three patients, 
two in Kansas City and one in Kyoto, who have had an antrectomy 
because the surgeons believed that their patients might have had the 
pseudo-Zollinger-Ellison syndrome due to antral G-cell hyperplasia. In 
all three patients, primary gastrinomas were found, two of which were 
in the duodenum and one in the antrum. I believe an antrectomy is a 
much better procedure when no tumor is apparent than is a parietal 
cell vagotomy or truncal vagotomy. 

Dr. Eckhauser, the use of transhepatic selective venous assay by you 
and your colleagues is very important and has allowed you to find 
tumors in almost all of your patients. I commend you for that. 

In our report, all gastrinomas had immunocytologic verification. 
Secretin stimulation tests were done after operation in all but two 
patients. Eugastrinemic patients did not have a positive secretin test 
result. The only two patients who were not tested are 20- and 22-year 
survivors with eugastrinemia. 


All surgical gloves are sterile. That’s a fact. 
But, the truth is that most gloves must be 
“scrubbed” or wiped thoroughly before 
surgery. The reasons? Actually, there is only 
one reason. Powder. 

Whether used on the inside or outside 
surface, talc, starch, silica or other powders 
are linked to a variety of complications: 
granulomatous reactions, peritonitis, adhe- 
sions and increased incidence of infection in 
the patient and dermatitis for the physician 
and nurse. Powders also contaminate OR 
equipment, sutures, microscope lenses and 
test procedures. 


The only way to eliminate powder- 
related problems is to eliminate powder. 
While some powders are the residue of the 
manufacturing process, most gloves require 
powder as a donning lubricant. And, powders 
can leak from the interior through perfora- 
tions and tears, can 
spill from the cuff or 
escape during a 





less of how powder 
gets on the glove, 
before surgery it 
must be removed. 


SEM (1000X) of surface of com- 
mercially available glove show- 
ing cornstarch particles and a 
surface perforation. 


glove change. Regard- 


Methods used to remove powder can 
actually introduce new particulates or 
may compromise sterility. And, routine 
glove scrub methods can leave residual 
powder clinging to the glove surface. 





Before scrub: SEM (1000X) of 
surface of commercially avail- 
able glove employing 
cornstarch. 


After scrub: SEM (1000X) of 
same brand glove following 
30-40 second warm water 
scrub followed by wipe with a 
lint-free towel. SEM shows 
residual cornstarch particles 
on the surface. 


So, considering the potential risks, why use 
powder at all? 


Now there is PRISTINE; the powder-free 
surgical glove. With a patented, friction-resis- 
tant inner surface, donning is smooth and 
simple. And, with no powders, talcs, starches, 
silicas or donning lubricants of any kind, using 
PRISTINE means no glove scrub, powder 
dermatitis or powder-related post-op 
complications. 

PRISTINE’ pure latex construction is durable 
yet thin enough to give you the tactile 
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sensitivity you need 

for handling the most 

delicate instruments. 

And, the texturized 

exterior ensures 

maximum control. Surface of a PRISTINE powder- 
so,forafee a etch 

sample of PRISTINE late contamination 


gloves, mail the coupon below. To order and 
for more information, contact World Medical 
Supply, (800) 545-5475, in CA (800) 547-3366. 

Try PRISTINE and discover the glove that is 
missing only one thing—powder. 


PRISTINE:’ The Surgeon’s Glove. 


Yes. I would like to try PRISTINE gloves. 


Please send me a free sample pair in size 
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World Medical Supply (USA), Inc. 
4340 Stevens Creek Boulevard, Suite 110 
San Jose, California 95129 (408) 985-8822 
(800) 545-5475, in CA (800) 547-3366 
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\ oM Nasal Tube-Mark IV 


Esophageal/duodenal decompression is 12-14 times more efficient than 
gastric aspiration of alternative devices.* "Enteral hyperalimentation" begins 
immediately postop, with reported decreased sepsis, wound problems and 
markedly shortened L.O.S.* 






ORI M Gastrostomy Tube 
® Gerald Moss, PhD, MD, FACS 





Patented 


Decompression-- 
Feeding Catheters 





Mark IV is the most 
compact (#18 French), 
efficient, and occlusion 
resistant design since 
initially introduced in 
1963. Its integral spring 
guide-wire makes it the 
most easily passed. 


Distributed By: 


Moss Tubes, Inc. 
Box 296 

W. Sand Lake, N.Y. 
12196 

(518) 674-3109 


Made of #18 French 
biocompatable silicone 
for minimum trauma 
without sacrificing 
efficiency of performance. 


* Send for reprints 
documenting results 
from independent 
clinical centers. 
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yut compare with other feeding-decompression tubes anyway.) 


Decompression Site 


Gastric suction alone cannot work! The stomach's 


agitudinal folds mimic parallel segments of intestine. 
Effective 


spiration orifices may empty a single “Magenstrasse” Aspiration 
Sites 


gure A). Most swallowed air avoids suction, and is 
opelled through the pylorus via adjacent channels. A 
inical study of other N-G and G-tubes measured 32-42% Gastric Streams 
efficiency. A toll booth in the center of a wide highway agora? 
innot collect from traffic in the outer lanes. 

əmoval of air is most effective at constricted (single-file) 
tes. Measured efficiency increases 12-fold by adding 
piration within the adjacent esophagus and/or 

1odenum. And flowing duodenal digestive juices 
elf-cleanse” the tube of occluding mucus. 


, Feeding site 


Gastric feeding risks distention and aspiration. 
»junal delivery bypasses 1-3 feet of proximal intestine, 
‘ting as a barrier to retrograde decompression. Aspira- 
on of feedings is less likely, but remains a risk. Minimal Å. The functioning stomach subdivides into discrete"Magenstrasse’. 
\itial infusion (starvation) is manditory initially. Any tube can only evacuate the single gastric stream within which it lies. 

The Moss®G-Tube's duodenal delivery site is the 
iost effective. With proximal duodenal aspiration (pat- 
ated), the initial distal feeding rate is unlimited. Clinical 
-rays visualized removal of all excess feeding, with none 
‘aching the stomach. (Fig. B) The full length of intestinal 
dsorption is available immediately. Earliest “enteral 
yperalimentation" is safely instituted within the recovery 
om. Positive nutritional balances are achieved, leading 
) enhanced sepsis resistance, accelerated wound healing 
nd shorter L.O.S. 





. Aspiration Orifices 


Uniformly sized orifices (all others) "suck in" mucosa 
) occlude the openings and stop decompression. 

Aucosal release then requires a null period (intermittant 
uction). Prograde air or retrograde feedings can be 
ropelled accross and beyond the stomach, causing 
istention or aspiration. 

By pairing each large orifice with a patented, smaller 
suction buster" @opening (Moss®G-tube), continuous 
spiration is maintained despite inadvertantly elevated 
uction. 


|. Biomaterials 


The Moss®G-Tube is all silicone, the accepted "gold 
tandard” for optimum long term stability, tissue tolerance 


ind biocompatibility. B. study @ 5 minutes. Note effective removal of all excess barium 
flowing retrograde, none visualized to reach the stomach. 
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Conjoined twins occur in approximately one in 50,000 or so 
births, and most do not survive. The authors report herein their 
experience with 13 conjoined twins over the last 30 years, 
involving those of the following forms: thoracopagus (4 cases), 
omphalopagus (1 case), ischiopagus (4 cases), pygopagus (1 
case), craniopagus (1 case), and incomplete or parasitic vari- 
eties (2 cases). The various diagnostic and imaging studies 
used are described in detail for each form of twinning. 

Separation is best delayed until such infants are relatively 
mature (i.e., 6-12 months of age). Operative survival was 50% 
in those operated on in the neonatal period, but 90% in those 
over 4 months of age. Ten separations were attempted in 13 
sets of twins, with 16 operative survivors. Significantly, up to 
10 years after surgery, there were six late deaths due to serious 
associated congenital anomalies, predominantly cardiac. 

Improved recent survival is probably the result of the avail- 
ability of more accurate imaging studies and better anesthetic 
and operative techniques, with great emphasis on performing 
immediate reconstruction whenever possible. Use of skin ex- 
panders and prosthetic mesh has facilitated wound closure. In 
the future, ex vivo cardiac reconstruction and autotransplanta- 
tion may permit separation of twins with complicated con- 
joined hearts. 


ONJOINED TWINS REPRESENT one of the rarest 
forms of congenital anomalies. Furthermore, 
successful surgical separation is even more un- 
usual, since the majority of conjoined twins are incapa- 
ble of being successfully separated. For this reason, we 
are reporting our experience with 13 conjoined twins, 
one of the largest series in the literature. It is of interest 
that reference has been made to conjoined twinning 
since early times, even as early as in the writings of 
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Pliny.! The first description of isolated esophageal atre- 
sia was, in fact, of one member of a set of conjoined 
twins reported by Durston in 1670.” The earliest case on 
record would appear to be that of the Maids of Bidden- 
don, born in England in 1100.’ Never having been sepa- 
rated, these individuals survived into adult life, joined in 
a lateral fashion from hips to shoulders. Aird has re- 
viewed the historical background of conjoined twins in 
detail.’ The first significant medical treatise on the sub- 
ject of conjoined twins was published in 1678 by Pare. 
which dealt with both anatomy and etiology.* The first 
recorded successful separation of conjoined twins was 
performed by Konig in 1689, by means of ligation of a 
small junction at the level of the umbilicus.* Up to this 
time, however, as few as approximately 100 successful 
separations (with survival of one or both twins) have 
been reported. 

Conjoined twins have also been described as Siamese 
twins, a term first used by P. T. Barnum, who exhibited 
Eng and Chang Bunker, born in Siam in 1811. Unfor- 
tunately, this term perpetuates the misconception that 
conjoined twins are forms of monsters or circus freaks 
—a concept that is clearly inappropriate. 


Incidence and Classification 


The incidence of conjoined twinning has generally 
been reported to be approximately one in 50,000 births, 
but an epidemiologic study in the United States reported 
an incidence of one in 100,000 births, whereas that of 
another in South Africa reported an incidence of one in 
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TABLE 1. Forms of Conjoined Twins 


Type Incidence (%) Organs Shared 
Thoracopagus 74.0 Heart, liver, G.I. 
Omphalopagus 0.5 Liver, G.I. 

Pygopagus 18.0 Spine, Genitourinary, rectum 
Ischiopagus 6.0 Pelvis, Genitourinary, G.L., liver 
Craniopagus 1.5 Brain 


—_————_ 


200,000 births (although the reliability of data from 
rural regions in South Africa may be open to ques- 
tion).>° Taking all reports into consideration, the true 
incidence is probably in the range of one in 50,000 
births. In all reports, females predominate over males 
approximately three to one. In reports of stillborn fe- 
tuses of conjoined twins, however, males predominate.° 

Although many variants of conjoined twins have been 
described along the lines of the embryologic and ana- 





FiG. 1. This photograph demonstrates thoracopagus twins who had 
conjoined hearts at the ventricular level, and conjoined livers and 
duodenums. Both hearts had complicated anomalies. These infants, as 
in the case of most conjoined twins, were female. 
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tomic studies reported by Wilder, four general types of 
conjoined twins have been described by Kiesewetter, 
Votteler and others.*”* 

A useful classification is described below (Table 1): 


Symmetrical Forms 
Thoracopagus Including Xiphopagus 


This constitutes approximately 74% of all conjoined 
twins.’ Infants of this form face one another and have 
the major junction at the level of the chest, with con- 
joined hearts and livers, as well as upper gastrointestinal 
(G.I.) tract (Fig. 1). 


Omphalopagus 


With this form, there is umbilical junction with vary- 
ing degrees of fusion of the livers and G.I. tracts. Om- 
phalopagus is considered a variant of thoracopagus and 
is included with the latter in reports of its incidence, but 
there is no cardiac junction in this form of the anomaly 
(Fig. 2). 


Pygopagus 


The incidence of pygopagus is approximately 18% of 
that of all conjoined twins. With this form, there is a 
junction point at the level of the sacrum, with the in- 
fants facing away from one another. There is usually a 
shared spinal cord at this level and fusion of the perineal 
structures and rectum (Fig. 3). 


Ischiopagus 


The incidence of ischiopagus is approximately 6% of 
that of all conjoined twins. With this form, there is 
junction at the pelvic level, with sharing of genitouri- 
nary structures, rectum, and liver. There may be a rup- 
tured omphalocele, and either three or four lower ex- 
tremities may be present (Fig. 4). 


Craniopagus 


Craniopagus has an incidence of approximately 1-2% 
of that of all conjoined twins. Various forms and orien- 
tations of fusion may be seen, with both neural and 
major vascular connections. 

As variations of the above-mentioned forms of con- 
joined twinning, there may be duplication of either the 
cranial or caudal end of the body, with the secondary 
component being less than an entire individual as a sort 
of parasite (Fig. 5). 


Asymmetrical Forms 


Under these circumstances, which have been termed 
heteropagus, there may be parasitic attachment in a 
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Fic. 2. These premature infants with omphalopagus conjunction re- 
quired assisted ventilation for respiratory distress syndrome. There was 
a single external biliary tree and junction of intestine at the second 
portion of the duodenum, as well as a single, centrally positioned 
pancreas. The omphalocele was treated topically so that it could epi- 
thelialize and permit separation when the infants were more mature. 


nonduplicated fashion to any portion of the body, or 
even within the body, as a fetus in fetu’ (Fig. 6). 


Clinical Material 


Thirteen sets of conjoined twins have been managed 
at our institution over the last 30 years. All but three 
have been seen over the last 15 years. In this group are 
eleven sets of symmetrical forms of conjoined twinning 
and two asymmetrical forms as described above (Ta- 
ble 2). 


Case Reports 


Thoracopagus 


One omphalopagus and four thoraco-omphalopagus 
conjoined twins have been encountered. 
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FIG. 3. These pygopagus twins were joined in the lower sacrum and 
had separate rectums but a single vagina. Separation was successful 
and the long-term results have been gratifying. 


Case 1. (Fig. 1). These female twins with a combined birth-weight of 
3.9 kg shared a six-chambered heart, with one twin having a normal 
four-chambered heart communicating at the ventricular level with a 
three-chambered heart that was hypoplastic. There were no other 
shared organs. At 1 month of age, severe congestive heart failure man- 
dated separation on an emergency basis. It was evident that the heart 
could not be separated and that the deformed heart was not compatible 
with life. Consequently, cardiac separation was accomplished by ligat- 
ing the aorta and both cavas of the twin who could not survive, and, 
after the lungs were removed, the entire heart and vascular tree were 
left in one twin (performed by L. H. Edmunds, M.D.) Partial hepatec- 
tomy was performed to facilitate closure; unfortunately, at 4 months of 
age, the infant died of respiratory failure and extrahepatic biliary ob- 
struction, most likely related to the hepatic separation. Cardiac func- 
tion was quite satisfactory until the time of death. 

Case 2. (Fig. 2). These female twins, weighing 6.0 kg at birth, demon- 
strated immediate congestive heart failure at 1 day of age. Cardiac 





FIG. 4. These ischiopagus tripus twins had a conjoined leg, as well as a 
shared pericardium, liver, and terminal intestine. There was a single 
bladder into which one kidney from each twin emptied. One twin had 
a vagina; the other had a urogenital sinus. Separation and reconstruc- 
tion were successful and both twins now walk and are continent. In 
ischiopagus tetrapus twinning there are four legs and a lower level of 
fusion on the abdomen. 





FIG. 5. These are typical craniopagus twins, a rare form of conjoined 
twinning. Separation is not usually possible. 


catheterization demonstrated a two-chambered heart in one twin anda 
three-chambered heart in the other with a large ventricular communi- 
cation. Although attempted separation was planned, the infants died at 
2 days of age, and postmortem examination revealed complicated 
cardiac anomalies in addition to the limited-chambered hearts. 

Case 3. These females twins, weighing 4.2 kg, were born prematurely 
with a junction from the level of the xiphoid extending inferiorly to a 
large omphalocele. Severe respiratory distress syndrome necessitating 
assisted ventilation was present. Diagnostic evaluation revealed that 
the infants had a common liver with a single extrahepatic biliary tree 
and a shared duodenum and jejunum, although they also had an 
otherwise separate intestine. An attempt was made to allow the infants 
to grow while receiving ventilation, but at 6 months of age, the smaller 
of the two twins experienced such severe respiratory deterioration that 
separation was mandated. At the time of separation, one of the twins 
received that portion of the liver containing the single biliary tree, as 
well as the common duodenum and jejunum. In the other infant, a 
drain was placed at the cut edge of the border of her liver to stimulate 
the formation of a biliary-cutaneous fistula that might later be drained 
into the intestine. Both infants received staged closure of the abdomi- 
nal wall using a Silastic™ prosthesis (Dow-Corning Corp., Midland, 
MO). Unfortunately, 4 weeks after separation, the infant who was 





FIG. 6. This is an example of heteropagus, asymmetrical twinning. The 
extra pelvis had a rectum which communicated with the native G.I. 
tract. The infant had complicated congenital heart disease as well. 
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TABLE 2. Conjoined Twins: Outcome 





No. No. Operations Postoperative Late 





Type Cases Performed Survivals Deaths 
Thoracopagus 4 2 l 1 (3.5 mo.) 
Omphalopagus l l 2 2 (1, 5 mo.) 
Ischiopagus 4 4 7 1 (3 yr.) 
Pygopagus l l 2 1 (10 yr.) 
Craniopagus l — 2 — 
Incomplete 2 2 2 1 (4 mo.) 
Totals 13 10 16 6 





given the entire biliary tree died of Klebsiella peritonitis and severe 
bronchopulmonary dysplasia with pneumonitis. The other infant who 
had a biliary-cutaneous fistula experienced continued respiratory fail- 
ure requiring tracheostomy. 6 months after separation (ironically, on 
the day for which she had been scheduled for portoenterostomy), sud- 
den death occurred, which, at postmortem examination, was found to 
be due to critical subaortic stenosis with severe left ventricular hyper- 
trophy that had not been anticipated. A bile fistula was present at the 
edge of the liver that could potentially have been drained into the 
intestine. 

Case 4. These female infants, born after a 29-week gestation period 
and weighing 2.0 kg, were joined from mid-chest to the level of the 
umbilicus. They experienced severe respiratory distress and cardiac 
failure. Although chest x-ray revealed two cardiac silhouettes, echocar- 
diography revealed that one twin had a four-chambered heart with a 
large ventricular septal defect, an interrupted aortic arch with a patent 
ductus arteriosus and a right to left shunt. The other infant had aortic 
atresia and a similar right to left shunt via a patent ductus arteriosus 
and a common ventricle attached to the left ventricle of the other twin. 
Although prostaglandin infusion was administered in order to main- 
tain patency of the ductuses, the infants died at 2 days of age. Post- 
mortem examination revealed additional intracardiac malformations 
and partial anomalous pulmonary venous drainage in each infant. In 
retrospect, these infants could not have been considered viable under 
any circumstances. 

Case 5. These male conjoined twins, weighing 3.7 kg at birth, were 
joined from the upper anterior thorax to the level of the umbilicus and 
shared a heart and liver. Cardiac catheterization at 3 days of age re- 
vealed a four-chambered heart in one infant with two small ventricular 
septal defects, a patent ductus arteriosus, a mildly hypoplastic left 
ventricle, and azygous continuation of the inferior vena cava. Unfor- 
tunately, no hepatic veins entered the right atrium in this infant, but 
rather traversed the liver to enter the heart of the other twin. In this 
other twin, there was a single left ventricle with severe pulmonic steno- 
sis and a left superior vena cava that entered the coronary sinus enter- 
ing the right atrium. A bulboventricular foramen was present with an 
outlet chamber joined to normally related great arteries. There was 
junction of both hearts at both the atrial and ventricular levels. Cardiac 
deterioration in the twin with the incomplete heart necessitated separa- 
tion at 3.5 weeks of age. The planned operative procedure involved 
consideration of the fact that the twin who had no hepatic venous 
drainage had a relatively normal heart, whereas the twin who had 
normal hepatic venous drainage had a heart incompatible with life. 
Any attempt to provide the infant with the complete heart with the 
entire liver and cardiac structures was not mechanically feasible. For 
this reason, survival of only one twin was possible. Consequently, 
during the operation, hemihepatectomy was performed with the neces- 
sary sacrifice of the twin who did not have hepatic venous drainage. 
This was performed on cardiopulmonary bypass with cold arrest. Fol- 
lowing separation of the livers, the entire heart was removed and re- 
versed as an autotransplant ligating the inflow and outflow tracts of the 
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incomplete portions of the heart and anastomosing at the atrial, aortic, 
and pulmonary arterial sites. Although this infant was able to be 
weaned from cardiopulmonary bypass, 2 hours later, he died of myo- 
cardial insufficiency. 


Pygopagus 


Case 6. (Fig. 3). These female twins, weighing 6.5 kg at birth, were 
joined posteriorly at the sacrum, with five sacral vertebrae in each 
infant and with normal pelves and four hip joints. Each lower limb had 
separate innervation. There was a common cloaca in the perineum, 
but with two separate colons, separate bladders, a large single vagina, 
uterus, and cervix. One of the twins had tetralogy of Fallot, the other 
had a normal heart. Separation was performed at 2 weeks of age by 
dividing the bony connection at the level of the fifth sacral vertebra. 
Each infant retained her own native rectum, bladder, and kidneys, 
whereas the large vagina was divided between the two infants. Both 
infants survived separation, yet it is of particular interest that immedi- 
ately after separation, the smaller of the twins suffered cardiac arrest, 
since the majority of their combined blood volume resided in the larger 
twin. Resuscitation was successful, with the fluid replacement admin- 
istered to the hypovolemic twin. These were the first twins to be sepa- 
rated at this institution (1957), and they were also the first case of 
shared pelvic viscera ever repdrted.'° One of these twins unfortunately 
died at 10 years of age, after receiving a Waterston shunt. The other is 
still living, has normal genitourinary function, and is happily married. 


Ischiopagus 


Tetrapus 


Case 7. These female twins, weighing 4.5 kg at birth, were admitted 
to our institution at 1 year of age.'’ They each had two legs and two 
arms. They had separate upper G.I. tracts, which joined in the distal 
ileum, leading to a common short colon and rectum. Each twin had 
two kidneys, with one ureter leading to the ipsilateral bladder and the 
other to the contralateral bladder. There was a single rectal opening, 
two urethral openings, and two vaginal openings, with each infant 
having a double vagina, each with a separate uterus. Separation was 
performed shortly following admission. One infant was given her en- 
tire bowel, the terminal ileum with the ileocecal valve, and the proxi- 
mal two thirds of the colon with an immediate pull-through. The other 
twin retained her native upper G.I. tract and received the distal one 
third of the colon and the native rectum. Transureteroureterostomies 
were performed in order to solve the problem of the bilateral crossed 
ureters. In order to facilitate closure and pelvic stabilization, iliac oste- 
otomies were performed on each twin. The infant who received the 
pull-through of her colon required anastomotic revision because of 
anastomotic stricture at the level of her intercolonic anastomosis, but 
otherwise did well. Various orthopedic reconstructive procedures were 
performed subsequently. Unfortunately, one of the twins died at 3 
years of age after aspiration of a bean; the other is well at 14 years of 
age, although she has required treatment for recurrent bladder calculi, 
physical therapy for lordosis, and management of intermittent fecal 
incontinence due to a short colon without an ileocecal valve. Neverthe- 
less, she participates in all normal activities. 


Tripus 


Case 8. These male twins, weighing 4.0 kg at birth, were joined from 
the midthorax to the common perineum. There was a single set of male 
genitalia, a single pericardium with separate hearts, a fused liver, sepa- 
rate biliary systems, junction of the intestine at the level of the terminal 
ileum into a single colon, a single large bladder, and two kidneys (one 
in each twin). Each twin had a normal leg and there was a third fused 
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lower extremity inserting into an enlarged acetabulum posteriorly. The 
recto-perineal fistula was stenotic, therefore, anoplasty was performed 
shortly after birth. The infants did well until the age of 2, when hypo- 
spadius repair was performed on the single phallus, as well as place- 
ment of a Radovan™ tissue expander (Mentor Corp., Goleta, GA) 
under the abdominal skin. Separation was performed 4 months later, 
at which time they weighed 20 kg. The anterior chest walls and dia- 
phragm were divided. Two separate bladders were constructed from 
the single large bladder, with a kidney and ureter draining into each 
half appropriately. Each twin received approximately one half of a 
colon; one twin received a permanent colostomy, and in the other, who 
had received the single rectum, an ileocolostomy was performed. The 
pelvis was divided and bilateral osteotomies were performed with am- 
putation of the conjoined third leg. The skin from this extremity was 
used for abdominal wall closure. The infant who did not receive the 
single set of male genitalia was made a phenotypic female on that 
account. After the operation, the infant who received the genitalia died 
from sequelae related to tight thoracic wall closure, but the other twin 
recovered after a stormy postoperative course related to respiratory 
problems. The surviving twin is now 10 years of age and functioning 
well as a female. Her kidney functions well, but urinary incontinence 
necessitated placement of an artificial urinary sphincter, which has 
been successful. Also, even though she has also undergone several 
orthopedic corrective procedures for rotational deformities of the left 
hip and foot, she functions extremely well with a walking prosthesis. 

Case 9. (Fig. 4). These female infants, born after a gestation period of 
37 weeks and weighing 4.7 kg, were found to have three lower extremi- 
ties and four upper extremities at birth. There was a single functioning 
kidney in each twin and separate G.I. tracts to the level of the distal 
ileum, where the bowel became common. There was also a shared 
liver, but with separate biliary trees. There was a single set of normal 
female external genitalia with a double vagina, a normal urethra en- 
tering a single bladder, and a single urogenital sinus with a hydro- 
colpos. The anal opening was a perineal fistula. The hydrocolpos was 
drained via the perineal opening of the urogenital sinus, and the peri- 
neal fistula was dilated so that the infants could grow and develop. 
Separation was performed at 4 months of age. A common pericardium 
and two separate hearts were found. The liver was divided without 
incident. One ileum was detached where the two ileums came together 
to form a common colon. The shared colon was then divided at its 
midportion, and the proximal colon, including the ileocecal valve, was 
given to one infant through immediate perineal pull-through posterior 
to the urogenital sinus opening. The other infant had anastomosis of 
the detached ileum to the distal colon, and an anoplasty was performed 
in order to correct the stenosis at the level of the perineal fistula. The 
latter infant was also given the single bladder, genitalia, and double 
vagina. The ureter that entered the bladder from the other twin was 
detached and reimplanted into her urogenital sinus in a nonrefluxing 
manner. This same infant received the proximal portion of the third 
lower extremity, which was fashioned as an above-the-knee stump, and 
iliac osteotomies were also performed to permit pelvic approximation. 
Closure went without incident in each case. Evaluation of separation 
was facilitated greatly by skin fluorometry, which accurately demon- 
strated the vascular territories of the skin of each infant and permitted 
the creation of skin flaps from the shared third lower extremity, 
thereby facilitating abdominal wall closure. '? 

Since the time of the operation, both twins have done beautifully. At 
4 years and 2 months of age, the twin who had an incomplete pelvis 
and a single lower extremity has been rehabilitated very well with a 
prosthesis and is continent of urine and stool. In the other infant, 
bilateral femoral osteotomies have been performed, and she now walks 
quite well with her above-the-knee prosthesis. In addition, since she 
had no vagina originally, but only a urogenital sinus that was being 
used as a bladder and managed by intermittent catheterization, at 3 
years of age she had further reconstruction. At the time of reconstruc- 
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tion, the posterior aspect of the large urogenital sinus was tubularized 
as a vagina, and the remainder of this structure was used as a portion of 
a urinary reservoir with its functioning ureterovesicle junction. Be- 
cause there was only a limited amount of colon available for recon- 
struction of the G.I. tract and therefore this structure was not available 
for augmentation of the urinary reservoir, ileum was selected. Thirty 
centimeters of distal ileum were isolated, and myomectomy was per- 
formed along one third of the circumference of the distal 10 cm. This 
conduit was imbricated over a catheter, and the proximal 20 cm was 
opened along the antimesenteric border and folded into an S pouch. 
Following anastomosis, this bowel was anastomosed to the remaining 
urogenital sinus for augmentation. The distal 10 cm of imbricated 
ileum coming off the augmentation pouch was then tunnelled under 
the pubis to a site just anterior to the opening of the urogenital sinus in 
the normal location for the urethra. At first, this end was simply exteri- 
orized, but formal suture to the perineal skin was performed | week 
later, at which time viability was assured. At this point, intermittent 
catheterization via this neourethra could be performed with small 
catheters. Eighteen months after this procedure, bladder capacity was 
300 ml, and the twin remains completely dry, receiving intermittent 
catheterization four to six times daily. With colonic irrigations, she is 
continent most of the time, having only rare accidents. In retrospect, 
we wish we had not removed the appendix at the time of the original 
operative procedure, since, although the current reconstructive ar- 
rangement works very well, that structure might possibly have been 
used as a continent catheterizable urethra. Nevertheless, no urinary 
tract infection has occurred thus far. 

Case 10. These term female twins, weighing 5.2 kg at birth, were 
born by cesarean section. Junction extended from the level of the lower 
sternum through a common perineum. Each twin had a normal lower 
extremity, and there was a shared common third leg inserting into an 
enlarged acetabulum. There were two hearts, a conjoined liver with 
separate biliary trees, and separate G.I. systems to the level of the 
terminal ileum, at which point the colon and rectum were common. 
There was a single set of genitalia, a single urethra, two vaginal open- 
ings with a double vagina having a cervix in each, and a single anal 
opening that was a stenotic perineal fistula requiring dilatation. There 
was also a small, additional perineal opening adjacent to the rectoper- 
ineal fistula, entering a urogenital sinus in the twin who did not have a 
urinary bladder. Each twin had a single kidney emptying into the 
shared bladder. Head ultrasonography demonstrated hemorrhagic in- 
farction of a portion of the right cerebral hemisphere in one of the 
infants (which had undoubtedly occurred at the time of birth), which 
was improving. The other twin was normal. 

In anticipation of separation and because the infants were growing, 
when they were 11 months of age, three skin expanders were placed 
under the skin of the abdominal wall and in two locations in the 
perineum and back; it was hoped that the entire shared third lower 
extremity could be used by one of the infants. Perfusion fluorometry 
accurately demonstrated the vascular territories of the skin of each 
infant in this complicated form of junction. Separation was performed 
at 15 months of age. 

Division of the conjoined liver was performed without any signifi- 
cant blood loss. Separation and reconstruction of the G.I. and genito- 
urinary tracts were performed in the same fashion as those of Case 9. 
The twin who had previously had a cerebral hemorrhage received the 
native rectum and the urogenital sinus, into which her ureter was 
placed in antirefluxing fashion. A uterus, tubes, and ovaries were 
present on this urogenital sinus, as well, so the second stage of recon- 
struction will also be planned (as in Case 9). The other twin received 
the entire shared leg, the bladder, and double vagina, as well as the 
external genitalia. Immediate anorectal reconstruction was performed 
with the proximal half of the colon, as well, and iliac osteotomies were 
performed to permit pelvic closure anteriorly. Both twins are doing 
well. 
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Craniopagus 


Case 11. (Fig. 5). These female infants, born at term and weighing 
4.3 kg at birth, were joined at the cranium laterally, with the left 
forehead of one attached to the left temporal occipital area of the other, 
who was facing in the opposite direction from her sister. One infant did 
not have any congenital anomalies other than her cranial attachment, 
whereas the other, who was smaller, was born with an omphalocele, 
lumbar meningocele, vaginal agenesis, bladder exstrophy, and imper- 
forate anus. Spontaneous colostomy occurred on the third day of life 
via the omphalocele. A pneumoencephalogram was performed at 2 
years of age, revealing congenital fusion of the skull and cranial con- 
tents with a common anomalous third ventricle and a single lateral 
ventricle. At 3 years of age, a plastic ring was inserted around the bridge 
connecting the twins, but intolerance and infection developed, neces- 
sitating removal of the ring that had been placed for constriction pur- 
poses. At 12 years of age, cerebral angiography was performed, reveal- 
ing a shared blood supply in the distribution of the anterior, common, 
middle, and posterior cerebral arteries, as well as a common superior 
sagittal sinus. For this reason, separation was considered impossible. 
The twins first presented to our institution at 17 years of age, at which 
point the twin with the bladder exstrophy was treated by excision of the 
exstrophy and vaginoplasty. Colostomy revision was performed, as 
well, and an ileal conduit was constructed for urinary diversion. On 
two occasions, at ages 22 and 24, they were admitted for small bowel 
obstruction that was present in the twin with the ileal conduit, each 
time necessitating lysis of adhesions. It is of interest that these individ- 
uals were initially placed in a nursing home for chronic care, but now 
live on their own and are very mobile. The normal twin carries or 
pushes her sister around in a walker and they appear to function quite 
well. There has been considerable discussion regarding whether the 
twins could be separated in the event of a terminal illness in the twin 
who has had congenital anomalies to deal with over the years. 


Incomplete/Heteropagus Twins 


Monocephalus Tripus Dibrachius 


Case 12. This term male infant was born with three legs and a 
duplicated colon exiting via two perineal fistulae. There was a solitary 
left kidney. There were also two scrotal sacs, each with a single testicle, 
and two phalluses, with the right one having severe hypospadias. 
Shortly after birth, this infant underwent laparotomy, with resection of 
the abnormal duplicated left colon and perineal fistula, and 3 weeks 
later, underwent excision of the extra pelvis and middle leg. An hypo- 
plastic testicle in the hernia sac of this middle pelvis was excised, as well 
as the left-sided penis and scrotum, which were attached. The left 
testicle was left in a subcutaneous pouch. Several months later, ano- 
plasty was performed, and at 8 years of age, left orchidopexy and 
hypospadias repair were performed. Subsequently, multiple reductions 
of both hips were performed for dislocation. The patient is presently 20 
years old and is doing well. 


Parasitic Incomplete, Asymmetrical Twin 


Case 13. (Fig. 6). This term male infant was born with a large 
omphalocele and a partial conjoined twin attached to his left chest 
region. Because the infant was cyanotic at birth, cardiac catheteriza- 
tion was performed, demonstrating a single ventricle with pulmonary 
atresia, patent ductus arteriosus, and blood supply to the parasitic twin 
arising from the left internal mammary artery. Shortly after birth, he 
was taken to the operating room for Blalock-Taussig shunt and first 
stage closure of the omphalocele. When the incomplete parasitic twin 
was excised from the left chest of this infant, a portion of colon was 
found extending from the patient and ending in a blind loop in the 
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pelvis of the parasite. The parasite was removed and the colonic stump 
was left as a colostomy in the left upper chest wall of the patient. After 
the operation, the patient recovered amazingly well, but, unfortuna- 
tely, there gradually developed chronic respiratory failure associated 
with what was then believed to be an uncorrectable cardiac malforma- 
tion. He died at 4 months of age. 


Comments 


Conjoined twinning may be considered as a form of 
duplication or a doubling anomaly. This may range 
from a simple supernumerary digit to an intestinal du- 
plication, and finally, to the complete or incomplete 
duplication of an individual. The exact etiology is un- 
known. It is known that twin births occur in approxi- 
mately one in 87 live births, with identical or monozy- 
gotic twins representing one third of such occurrences. 
Monozygotic twins are born at a rate of four in 1000 
births.° Conjoined twins seem to occur somewhere be- 
tween one in 50,000 to one in 100,000 births. Forma- 
tion of conjoined twins‘is currently believed to be re- 
lated to incomplete cleavage of the embryo at approxi- 
mately 2 weeks of gestation.* The later incomplete 
cleavage occurs, the more likely a form of complex fu- 
sion. 

Variations of thoracopagus twins are by far the most 
common form of twinning, whereas craniopagus twin- 
ning is the least common. The doubling forms of 
anomaly, where one member is less than an entire in- 
dividual, are even more uncommon. Occasionally, cra- 
nial and caudal duplications have occurred in the same 
individual. 

It is of interest that prenatal diagnosis with ultraso- 
nography has been made possible in recent years.'*' 
Either large maternal size for gestation or polyhydram- 
nios serve as indications for prenatal ultrasonographic 
study of the mother. In our experience, diagnosis of the 
presence of conjoined twins has been possible as early as 
the 25th week of gestation. However, studies performed 
in the third trimester are more reliable. Certainly, this is 
critical when planning obstetrical management of these 
complicated fetuses, who frequently present in the 
breech presentation. Although conventional vaginal de- 
livery has been possible in many instances, cesarean 
section is preferable and probably the safest approach.’ 
Six of our 13 sets of conjoined twins have occurred since 
1980, and all six had antenatal diagnosis made by ultra- 
sonography. The first report of successful antenatal 
diagnosis by ultrasonography was reported in 1977.'* 
Another technique that has been extremely useful in the 
evaluation of conjoined twins in utero, particularly 
those of the thoracopagus type, has been echocardiogra- 
phy. In fact, the antenatal diagnosis of cardiac anoma- 
lies is thought by Sanders to be somewhat easier than 
postnatal diagnosis, since surface scanning may be more 
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TABLE 3. Conjoined Twins: Evaluations 





Systems Studies 


EEG, Ultrasonography, CT, MRI 
Scans 
EKG, Echocardiography, 


Central nervous system 


Cardiac Catheterization 

Pulmonary X-ray, blood gases 

G.I. UGI, BE 

Liver Scan, Angiography 

Renal Cystogram, IVP, Scan 
Genital Cystoscopy, Vaginograms 
Vascular Aortograms, skin fluorometry 
Skeletal X-rays, CT Scan 

Endocrine Thyroid, adrenal 





difficult in conjoined twins, particularly if a large om- 
phalocele is present.'? Although many mothers with 
conjoined twins will go into labor prematurely, every 
effort should be made to permit the fetuses to become as 
mature as possible, in order to avoid respiratory distress 
syndrome—a significant factor producing mortality in 
some of our patients. When premature labor is a consid- 
eration, amniocentesis with analysis of lecithin/sphin- 
gomyelin ratios can be helpful in the timing of cesarean 
section. 

The following is a description of newer diagnostic ap- 
proaches to various organ systems, a key step in the 
planning for separation (Table 3). 

With regard to the cardiovascular system, prenatal 
echocardiography followed by postnatal echocardiogra- 
phy, along with standard electrocardiography, should be 
the first approach to the determination of whether there 
is cardiac junction and whether there are intracardiac or 
extracardiac anomalies related to the heart. In situations 
where it is evident that complex intracardiac anomalies 
exist, cardiac catheterization should be performed, 
usually via both individuals, in order to accurately de- 
fine intracardiac anatomy, intracardiac connections, di- 
rection of flow, and the status of all major inflow and 
outflow vessels. The presence of a single QRS complex is 
an ominous sign that cardiac separation will not be pos- 
sible, but the presence of two separate electrocardio- 
graphic patterns does not guarantee that successful sepa- 
ration will be possible in situations of cardiac junction." 
Radionuclide cardioangiography is also a useful tech- 
nique, and it also provides an additional opportunity to 
calculate the degree of cross circulation.'’ Once we have 
been able to verify the various components of cardiac 
anatomy in our patients, we have built clay models to 
permit three dimensional study of the areas of conjunc- 
tion, as well as of the systemic and pulmonary ventricu- 
lar complexes. This technique has permitted us to visu- 
alize potential cardiac surgical corrective techniques, as 
well as situations in which no surgical correction can be 
conceived. Thorough cardiac evaluation is important 
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for all conjoined twins, not just those of the thoraco- 
pagus type, since there is a higher incidence of congeni- 
tal anomalies, particularly cardiac, in all forms of con- 
joined twinning.'* Furthermore, because the majority of 
conjoined twins have conjoined livers, it is vital to know 
whether hepatic venous outflow into an inferior vena 
cava on the same side is present or not. Mann, Sanders, 
Seo, Razavi-Enchna, and others have described the 
many variations of cardiac anomalies and cardiac junc- 
tion in conjoined twins, including embryologic inter- 
pretations of their origin.'*:'’:'*!9 These reviews are ex- 
tremely helpful when evaluating these very complicated 
situations. With regard to the related pulmonary evalua- 
tion, chest x-rays, physical examination, and determina- 
tion of blood gases are probably sufficient. Depending 
upon whether there is respiratory distress syndrome or 
cyanotic congenital heart disease with or without con- 
gestive failure, decisions will need to be made regarding 
the use of assisted ventilation. The x-ray and physical 
examination may also be helpful in terms of determin- 
ing the extent of thoracic and diaphragmatic junction in 
order to determine whether, after separation, the use of 
prosthetic mesh will be needed in the repair of the chest 
wall defect. 

The evaluation of the liver and pancreaticobiliary 
systems is probably the most critical element in preoper- 
ative planning for the forms of conjoined twinning that 
are ordinarily considered to be potentially separable. Ul- 
trasonography can provide information regarding 
whether two gallbladders are present and whether there 
are two pancreases or a conjoined pancreas.!! It must be 
remembered that the conjoined liver is oriented in an 
oblique plane to the axis of the anteriorly joined twins 
viewed from the side. In other words, the liver of one 
twin will be anterior and that of the other will be poste- 
rior, with the pancreaticobiliary trees somewhat super- 
imposed upon one another when viewed head-on by any 
imaging technique. It is difficult to obtain oblique scan- 
ning views by ultrasonography or radioscintigraphy. 
Taking this limitation into account, it is ordinarily pos- 
sible to obtain a significant amount of information from 
carefully performed ultrasonography. Miller and Haller 
have described disofenin radionuclide excretion scan- 
ning to permit noninvasive evaluation of the biliary 
tree. We have utilized DISIDA scans in all patients 
since 1980. Under these circumstances, the radionuclide 
is ordinarily given to one twin in order to image separate 
excretory systems, since ordinarily the system on the 
side of the twin injected will appear first and in the 
other, a few minutes later (provided that a separate ex- 
trahepatic biliary tree is present). We have encountered 
some instances in which the biliary tree was single and 
shared by both infants. In fact, in one of our twins, only 
one entire extrahepatic biliary tree was present and was 


O'NEILL AND OTHERS 


Ann. Surg. * September 1988 


primarily related to one of the twins. With this tech- 
nique, it is also possible to get some information regard- 
ing the degree of cross circulation based on the timing of 
appearance of the radionuclide in the opposite twin’s 
liver. This technique also permits timed differential in- 
jections of both twins, a technique that is helpful under 
some circumstances where there is not a great deal of 
shared circulation at the hepatic level. In terms of preop- 
erative planning, drawings should be made, in as much 
detail as possible, of the extrahepatic biliary tree as well 
as the pancreatic system. As mentioned above, under 
evaluation of the cardiopulmonary system, information 
must be obtained regarding the nature of hepatic venous 
drainage in order to be certain that each twin has appro- 
priate hepatic venous and inferior vena caval drainage 
into the right atrium. In one of our patients, all hepatic 
venous drainage from one infant went through the liver 
and into the opposite infant’s hepatic venous outflow 
tract. 

The G.I. system must be evaluated from top to bot- 
tom. This is best accomplished by differential upper and 
lower G.I. x-ray contrast injections in order to deter- 
mine where G.I. structures are shared. In thoracopagus 
and omphalopagus twins, there will frequently be a high 
junction point at the level of the duodenum, and, under 
these circumstances, there will usually be some degree of 
sharing of the biliary and pancreatic ductal systems. 
With the more caudal forms of twinning, such as ischio- 
pagus or pygopagus twins, intestinal junction points will 
be much lower, usually in the region of the Meckel’s 
diverticulum in the terminal ileum, but occasionally at 
the level of the colon, ordinarily with a common colon 
and rectum. In the caudal forms of junction, imperfor- 
ate anus abnormalities are usually present in the form of 
a rectoperineal fistula. 

The status of the urinary tract is best evaluated by 
ultrasonography and conventional pyelography and 
cystography. In patients who are undergoing computer- 
ized tomography (CT) for the evaluation of pelvic junc- 
tion points, the status of the kidneys can be evaluated in 
this fashion, as well. It is important to know the number 
of kidneys present in both twins, whether there are one 
or two urinary bladders, and whether or not there is a 
urogenital sinus present. Visualization of one or two 
urethras is important and cystoscopy may be helpful in 
sorting out the status of the bladder and ureters. Voiding 
cystourethrography is helpful in terms of determining 
whether vesicoureteral reflux is present and whether or 
not there is obstructive uropathy that may be emergent 
in nature. With regard to evaluation of the genital tract, 
because most patients are female, it is important to 
know whether there are two vaginas, whether vaginas 
are duplex in nature, whether a cervix can be seen in 
each vagina, whether there is a urogenital sinus present, 
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and whether or not there is a hydrocolpos related to 
obstruction. The capacity of any urogenital sinus that is 
present is an important consideration if that structure is 
to be used later as a urinary reservoir. If the patient is a 
male, the status of the penis and scrotal structures must 
be known in order to plan separation and to know 
whether or not discussions will need to be held with the 
parents regarding gender change. 

The status of the central nervous system may also be a 
factor in preoperative planning and decision-making re- 
garding the allocation of organs, particularly if there has 
been evidence of intracranial or intraventricular hemor- 
rhage that might be expected to result in mental impair- 
ment in the future. Magnetic resonance imaging (MRI) 
may be of further assistance in the evaluation of cranio- 
cerebral status. Certainly MRI scanning would be of 
great benefit in situations of craniopagus and pygopagus 
twinning, as a means of evaluating the nature and extent 
of brain or spinal cord junction. Cerebral angiography 
may also be needed in evaluating the cranial circulation 
in craniopagus conjoined twins. 

In ischiopagus and pygopagus twinning, conventional 
radiography and either CT or MRI scanning may be 
helpful in terms of planning separation of pelvic or ver- 
tebral junction points. In the case of shared limb anoma- 
lies, as with ischiopagus tripus twinning, aortography is 
necessary in order to assist with the evaluation of 
whether the shared limb can be saved and to which twin 
it is primarily related. 

Although Aird and others have described instances in 
which adrenal failure has been a problem, there are al- 
most no other similar reports, and we have not encoun- 
tered a single instance of this problem in this series or in 
the authors’ additional experience with conjoined twin- 
ning.’ Nonetheless, it is probably still valuable to know 
the status of thyroid and adrenal function in conjoined 
twins. 

In those instances where there would appear to be 
extensive shunts present or where one twin is apprecia- 
bly larger than the other, determinations of blood vol- 
ume and the degree of shunt using radionuclide tech- 
niques are valuable. 

Finally, in terms of preoperative planning, it is im- 
portant to map the vascular territories of the skin, par- 
ticularly in the complicated forms of conjoined twin- 
ning such as ischiopagus twinning. For example, in is- 
chiopagus tripus anomalies, there may be wide 
variations in the blood supply to skin from each twin; 
this should be evaluated whenever possible. Although 
injection of fluorescein and use of a Wood’s light may be 
helpful, sensitivity reactions frequently occur with the 
dosages needed for the latter technique. For this reason 
and in order to be more accurate in mapping the vascu- 
lar territories of the skin in complicated forms of con- 
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joined twins, our group has developed a technique using 
perfusion fluorometry that permits multiple small doses 
of fluorescein to be administered with determination of 
intensity of fluorescein concentration, as well as timing 
of cross-over, using a specially designed light transmis- 
sion probe and a minicomputer to integrate photomet- 
ric reception.'? We have used this technique in two in- 
stances to date, and it was extremely helpful during the 
separation of one set of ischiopagus twins for the evalua- 
tion of viability of large skin flaps necessary for abdomi- 
nal wall closure. In order to determine whether or not 
skin expanders should be used, in all conjoined twins, it 
is also important to evaluate the amount of skin avail- 
able for abdominal and thoracic wall closure, as well as 
perineal closure. 

When all organ systems have been thoroughly evalu- 
ated and all specialty consultants have had an opportu- 
nity to develop plans for separation, a team conference 
can be held, reviewing all of the information at one time, 
planning anesthesia, monitoring, and order of organ 
separation. This preoperative conference with the con- 
struction of organ models and operating room drills for 
all members of the operative team are vital to the perfor- 
mance of an expeditious operation. Intensive care unit 
personnel, social workers, hospital public relations per- 
sonnel, and others, as needed and appropriate, should be 
included in the preoperative planning conference. If at 
the time of the conference, any questions remain, addi- 
tional diagnostic studies can be performed. 

The timing of separation may certainly be variable, 
but, if possible, as a general principle it is probably best 
to plan separation on an elective basis when the infants 
are 9-12 months of age. Unfortunately, emergent con- 
ditions, such as intestinal obstruction, rupture of an 
omphalocele, congestive heart failure, obstructive urop- 
athy, and intractable respiratory embarrassment do 
occur. These conditions may necessitate early separa- 
tion at a time when mortality is much higher than would 
be the case if the infants were larger with relation to their 
respective blood volumes and additionally more stable 
in terms of physiologic response to operative manipula- 
tions. For example, Harper and Kenigsberg have em- 
phasized that because the bridge connecting omphalo- 
pagus twins does not tend to grow in diameter, whereas 
the abdominal cavities do, easier abdominal wall closure 
can be performed around the age of 1 year." On the 
other hand, if separation is delayed much beyond 1 year, 
there is some evidence to suggest that the twins may 
have difficulty developing a separate identity. At times, 
the critical condition of one twin, particularly in situa- 
tions of cardiac failure, may necessitate emergency sepa- 
ration. It may be possible to temporize by correcting an 
omphalocele, performing a colostomy in situations of 
intestinal obstruction, or performing a perineal ano- 
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plasty in order to relieve anal stenosis. Voettler and 
others have described necrotizing the enterocolitis that 
occurred in one twin, necessitating either correction of 
that problem or even emergency separation.” In one 
instance in our series, a large omphalocele was treated 
with topical mercurochrome in order to permit epitheli- 
alization and later separation. Another consideration to 
which reference has already been made involves the 
placement of tissue expanders. Filler has described the 
technique of utilizing skin expanders within the perito- 
neal cavity in order to enlarge the abdominal wall in the 
separation of ischiopagus twins.?? We have used them in 
the subcutaneous location in three instances, the first 
time in 1980. 

After multiple rehearsals in conference and review of 
all data, operative intervention may proceed. Two com- 
plete anesthesia teams of at least two experienced anes- 
thesiologists each will be required. Full monitoring with 
a central venous, radial artery, and urinary catheter is 
necessary, as well as adequate venous access for admin- 
istration of large volumes of fluid and blood, as 
needed.***° Depending upon the form of conjoined 
twinning, thorough skin preparation and draping using 
towels and adherent plastic drapes should be performed 
in order to isolate the operative field while insuring the 
anesthesiology teams constant access to the patients. 
Basically, one must expect that one or both twins may 
have problems with hypovolemic shock at the time of 
separation, since it is difficult to be certain that intravas- 
cular volume may be maintained in the normal range in 
both twins at all times. In general, there must be two 
surgical teams for each twin so that the procedure may 
proceed expeditiously once the separation has been per- 
formed. 

At this point, it might be appropriate to make some 
reference to the moral and ethical aspects of separation 
of conjoined twins when it is anticipated that only one is 
capable of survival after separation. The two situations 
in which this may be the case are those in which there 
are conjoined hearts or in which there is only one extra- 
hepatic biliary tree present. At the present time, because 
of the accuracy of echocardiography and cineangiocar- 
diography, it is possible to anticipate the potential for 
survival with conjoined hearts. It is possible to predict 
strongly the presence of a single extrahepatic biliary tree, 
but it is necessary to confirm this at the time of the 
operation. Consequently, it is usually in situations of 
conjoined hearts that the question of sacrificing one 
twin so that the other may lead a potentially normal life 
comes into question. Annas has summarized the moral, 
ethical, and legal aspects of this sort of decision-making 
in a very helpful fashion.*° In a recent Hastings Center 
Report, Judaic and Christian attitudes towards this sub- 
ject are outlined, and in general, both support separa- 
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tion based on the fact that one twin would not be able to 
survive, regardless, and, therefore, in order to provide 
life to the other twin, surgical separation is justified.”° As 
regards the legality of such surgical separations, in the 
past it has been necessary to request a court order in 
order to perform the operation. Recently, however, we 
have requested that the hospital Ethics Committee con- 
sider the issue and that the local District Attorney’s of- 
fice agree not to prosecute for homicide. Since these 
steps can be performed quickly, it permits rapid action 
in the case of an emergency, as opposed to the lengthy 
time-period it takes to obtain a court order. The intro- 
duction of the hospital Ethics Committee has actually 
been helpful in this respect. From all points of view, it 
would appear that when reasonably accurate, objective 
medical criteria can be used to determine whether one 
twin has a significantly better chance of survival as 
compared with the other, separation can be justified— 
particularily since the operation itself does not actually 
determine which twin will survive, rather, this is deter- 
mined by the twins’ condition before surgery even com- 
mences. Of course, parents always have the right to 
refuse surgical separation. It has been our attitude to 
respect all of the above mentioned considerations, but 
with the general view that it is preferable to intervene to 
save one life, if possible, rather than to permit the inevi- 
table loss of both. In the long run, each decision is indi- 
vidual and must be carefully considered. 

With regard to thoracopagus twins, we are aware of 
only a single instance of success when there have been 
conjoined hearts, and, in this instance, it was conjoined 
atria, as reported by Synhorst et al. in 1979.7’ Unfortu- 
nately, one of the twins, who had severe right hypoplas- 
tic heart syndrome, died 7 days after surgery; the other 
twin has done very well. There are no reported success- 
ful instances of separation of twins with conjoined ven- 
tricles. However, one of our patients survived for more 
than 3 months with the entire cardiac complex discon- 
nected from the twin who died at operation, and then 
died of extrahepatic biliary obstruction. Additionally, 
the majority of twins with conjoined hearts go into early 
congestive heart failure, necessitating emergent separa- 
tion, and there are ordinarily intra- and extracardiovas- 
cular anomalies as well. Although, in most instances, 
twins with conjoined ventricular complexes are proba- 
bly not separable, careful preoperative evaluation 
should be performed nonetheless; in one of our sets of 
twins, leaving one infant with the entire cardiac complex 
was essentially successful, and, additionally, our single 
attempt at cardiac excision, refashioning, and auto- 
transplantation has lead us to believe that this approach 
is worthy of consideration in future selected cases. Such 
infants can be supported very well on cardiopulmonary 
bypass and cold arrest during the course of the proce- 
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dure. Under these circumstances, however, invariably 
only one twin can possibly survive. 

In the thoracopagus category of conjoined twinning 
without cardiac junction, separation is feasible, al- 
though occasionally only a single biliary tree may be 
present.’ In these situations, there will ordinarily be 
G.I. fusion at the level of the duodenum, from which 
point on the G.I. tracts are separate. There may be a 
single pancreas or two small buds with a central fusion 
of the heads. The biliary tree may be common at the 
level of the common hepatic or common bile duct. In 
these instances, it is important to evaluate thoroughly 
the status of the liver and upper G.I. tracts before sur- 
gery, and in detail at the time of operation, in order to 
leave each twin. if possible, with an adequate biliary 
excretory system. This may involve portoenterosotomy 
in one of the twins. Yet if only a single extrahepatic 
biliary tree is present, it may be difficult to achieve sur- 
vival of one of the twins, unless a biliary cutaneous fis- 
tula can be established for later drainage into the intes- 
tinal tract. A large omphalocele is usually present in 
omphalopagus twins. We prefer to temporize with these 
patients until the omphalocele sac can be made to epi- 
thelialize. Nevertheless, if the sac ruptures, initial clo- 
sure should be performed if possible and separation de- 
layed as discussed above. Although Votteler has re- 
ported a high association of imperforate anus in 
omphalopagus twinning in his experience, this is unu- 
sual.* At least 50 reports of successful separation with 
survival of one or both twins in omphalopagus twins 
have been reported. In the majority of instances, how- 
ever, only one twin has survived.*!°7%? 

The most complicated form of conjoined twinning is 
ischiopagus twinning, particularly ischiopagus tripus 
type. We are aware of 18 reports of separation of ischio- 
pagus tetrapus and tripus twins, with both twins surviv- 
ing in 11 of the 18 instances.*!?73°?!*? In our experi- 
ence with four such cases, both twins survived in three 
instances and one twin in the fourth. In all of these 
instances, there were complicated forms of conjunction 
of the lower G.I. and genitourinary tracts, as well as of 
pelvic skeletal structures. Thorough evaluation of all of 
these systems with conventional and contrast radiogra- 
phy, arteriography, and CT scanning has been key in 
planning separation. Our current approach is to correct 
as much as possible initially, performing an immediate 
pull-through of the rectum in the twin without an anus, 
rather than performing initial colostomy and later pull- 
through; at the time of separation, the entire pelvis will 
be open, regardless, and the time of separation is also 
probably the easiest time to perform the procedure with 
good identification of the levator musculature. We have 
described an initial and later-stage approach to complete 
reconstruction of the genital and urinary tracts in fe- 
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males with complicated perineal junction points, and 
this approach is our preference for total reconstruction 
and rehabilitation of these systems. Iliac osteotomies en- 
able pelvic closure in these patients. In terms of conti- 
nence, the results of both the G.I. and urinary systems 
have been gratifying. It has been necessary to do a num- 
ber of staged orthopedic procedures for rehabilitation 
and to use specially designed prostheses, but we have 
been extremely gratified by the quality of life and degree 
of mobility which can be achieved by these children. 

With regard to pygopagus twins, in the majority of 
instances, the spinal cords are separate even though 
there is sacral junction. We are aware of nine successful 
separations of pygopagus twins, with both twins surviv- 
ing in the majority of instances.'°?***** Fortunately, in 
these pygopagus twins, the structures that require sepa- 
ration are not generally essential for survival, although 
frequently there is a single rectum and anus, and occa- 
sionally, common genitourinary structures. As is the 
case with ischiopagus forms of twinning, we believe that 
as much initial reconstruction as possible should be per- 
formed, but depending upon the condition of the in- 
fants, staging procedures may be used. In our single in- 
stance of pygopagus twinning, both twins survived ini- 
tially, but at the age of 10 years, one twin died of 
congenital heart disease. This case is representative of 
many conjoined twins in whom there are complicated 
associated cardiac or other anomalies resulting in late 
mortality. This emphasizes the importance of long-term 
follow-up and early and complete reconstruction of 
functional and structural defects. 

The outlook for patients with craniopagus forms of 
conjoined twinning relates to whether the brain junction 
is complete or incomplete.’ Votteler has reviewed re- 
ports of 11 sets of craniopagus twins in which separation 
was attempted and in which one or both twins survived.* 
Survival was better in those that had a partial union 
only. Our single set of craniopagus twins have been con- 
sidered inseparable, and by the time they were seen at 
our institution, any attempted separation was refused. 
They continue to be followed for a variety of medical 
and surgical problems but are generally doing well. In 
the event that the smaller twin should have a terminal 
illness, it may be reasonable to attempt separation. 

Additional mention should be made regarding the 
matter of the mechanics of closure of the chest, abdo- 
men, perineum, and skin in the various forms of con- 
joined twinning. We have found that the use of Silastic 
skin expanders has been invaluable in those instances 
where it has been anticipated that closure would be dif- 
ficult. Some of our patients, as well as those of others, 
have experienced mortality when tight thoracic wall 
closure has been necessary, resulting in cardiac tampon- 
ade. We have preferred to use absorbable synthetic 
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mesh for the bridging of thoracic and abdominal wall 
defects, since skin closure has been possible, and have 
found it to be exceedingly helpful. In instances where it 
is known that only one twin can survive, skin from the 
other twin is made available for closure; skin grafts can 
be used appropriately, as well. We have preferred to use 
skin expanders in the subcutaneous position, although 
Filler prefers the intraperitoneal position.” In ischio- 
pagus twins, we have used skin expanders in the subcu- 
taneous position covering the chest and abdomen, and 
also in the perineum and back regions to facilitate peri- 
neal closure—particularly when the shared lower ex- 
tremity in ischiopagus tripus twins is to be preserved, as 
in our most recent case. The same techniques are helpful 
in the management of incomplete forms of conjoined 
twinning.’ 

With the advent of new and accurate imaging studies, 
it has been possible to have better preoperative planning 
than heretofore. These have also permitted more accu- 
rate assessment of the physiology involved, and there- 
fore anesthetic management has also been smoother. 
We currently believe that as much reconstruction as 
possible should be performed at the initial operation. In 
the future, it may be possible to manage infants with 
conjoined hearts by extracorporeal reconstruction and 
autotransplantation. Certainly the use of skin expanders 
and synthetic mesh fascial substitutes has been helpful. 
Finally, better rehabilitative techniques have improved 
the long-term rehabilitative aspects of management so 
that in the future, efforts at separation of even compli- 
cated forms of twinning may be faced with optimism. A 
challenge still remains, however, in the prevention of 
late deaths related to associated anomalies, particularly 
cardiac anomalies. 
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DISCUSSION 


Dr. ROBERT M. FILLER (Toronto, Ontario, Canada): I compliment 
Dr. O'Neill and his co-authors for this beautiful presentation demon- 
strating an experience that probably is the largest among all of the 
pediatric hospitals, certainly in North America. 

We all appreciate that conjoined twinning is not a serious public 
health hazard. However, siamese twins have been of great interest to 
surgeons and lay people for many years, and they have always been 
tremendously fascinating. I suppose this is because of the complex 
nature of the union and the problems to be overcome in a successful 
separation. 

I would like to emphasize just one of the points that Dr. O’Neill 
made and relate it to our own experience. We have had four separa- 
tions, but I would like to demonstrate the last two to emphasize the 
problem of wound closure. 

We have found that this is probably the most difficult and challeng- 
ing part of the operation and the one that requires the most planning. 
Most of us are very good at putting pieces of intestine together, or 
switching urinary tracts, but when it comes to an enormous defect in 
the body wall that exists in siamese twins after the separation, we have 
had very little experience. A great deal of preoperative planning must 
be given to this, and it is one of the pluses in delaying separation. 

(Slide) This particular set of twins is joined at the chest, abdomen, 
and pelvis. You can see that there are only two good legs, one for each 
twin. In the back is a third limb that is malformed and useless. 

To aid in wound closure, we removed the bone from the abnormal 
lower limb and used the musculocutaneous remnant to close (Slide) 
the abdominal wall defect in one of the two children. 

The flap that you see outlined represents the skin and muscle from 
the lower limbs that has been brought up over the entire lower abdo- 
men to obtain a closure. 

The other method to aid wound closure that Dr. O’Neill discussed 
was the use of tissue expanders. In these particular twins, we put seven 
expanders in the subcutaneous tissue and the peritoneum, 6 weeks 
before separation. 

(Slide) These two expanders were in the abdominal cavity and just 
before separation contained about | L of saline in each. These two 
children had four good lower limbs between them, and therefore we 
could not use the skin and muscle from the lower extremity to close the 
abdomen. The technique is similar to what has been done previously 
with pneumoperitoneum. However, the Silastic balloon in the ex- 
pander allows the fluid to remain in one place so that it does not have 
to be replaced. 

(Slide) After separation, the abdominal wall could be closed com- 
pletely when the expanders were removed. A month later, these chil- 
dren were walking on their four good limbs, with abdominal walls that 
were solid. 

I would like to close by asking Dr. O’Neill one question about an 
issue that has been a problem for many of us. How has he handled the 
ethical issues that arise because of insufficient parts for two individ- 
uals? 

For example, one of the sets of twins that we treated had a single set 
of genitals for two boys. We had to make one a boy and one a girl, and 
this raised several questions among many people. 


Dr. MORTON WOOLLEY (Los Angeles, California): This paper is an 
important contribution to the medical literature because it emphasizes 
the complex anatomic variations of conjoined twins. The authors have 
summarized the anatomic findings in 13 conjoined twins comprising 
24 potentially separate individuals. Two sets were incomplete; other- 
wise there would have been 26 potential individuals. Sixteen infants 
survived the operation and six of the surgical survivors died later, most 
commonly of cardiac and/or pulmonary insufficiency. 

The following principles are important when considering the separa- 
tion of conjoined twins: (1) The larger the connecting bridge, the more 
complex its contents. (2) The preoperative studies should be complete 
so that the surgeon can plan the best management of each shared organ 
system. The surgeon should not be confronted with surprises at the 
operating table. (3) One should plan some method of covering the body 
defects, both thoracic and abdominal, in advance. (4) There should be 
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a review with all personnel in a mock operation. I believe that the 
models that Dr. O’Neill has shown us are ideal in preparation for the 
operation. (5) Two complete teams should be assembled, including 
anesthesiologist, nurses, and surgeons. We have transferred one of the 
infants to another operating room after the separation so that the 
confusion of two operations being performed in one room is avoided. 

The cardiac lesions, as Dr. O’Neill has so well emphasized, are fre- 
quently considered to be so complex that the twins cannot be sepa- 
rated. Perhaps with cardiac transplantation it may be possible to sepa- 
rate more of these twins in the future. 

Finally, one must face the fact that some of the twins are not separa- 
ble, under which circumstances the parents need a great deal of sup- 
port. Many of them will say, “try anyhow.” This brings up difficult 
ethical postures that must be discussed at adequate length so that 
nontreatment is appropriately justified. Hopefully, this type of unfor- 
tunate catastrophe will be minimized by early fetal ultrasonography, 
allowing the parents the option of interrupting pregnancy when it is 
evident that anatomic separation will not be feasible. 

The paper gives us the accurate picture of the complex nature of 
conjoined twins. Without a detailed, all-inclusive report such as this 
paper presented by Dr. O’Neill and his associates, we would perhaps 
only know of those that are reported in the media or of the historical 
travels and romances of the original siamese twins, Chang and Ing 
Bunker, who made their fortune in the circus, then lived their lives still 
connected in Mount Airy, North Carolina where they married sisters 
and fathered a total of 20 children between them. 


Dr. COLIN G. THOMAS, JR. (Chapel Hill, North Carolina): I rise to 
congratulate the authors on such an excellent presentation. This is by 
far the largest series that has been reported. 

Mark Hoyle, one of our senior students in reviewing our own experi- 
ence, also looked at the world’s literature of 165 twins. The first slide 
(Slide) indicates the incidence of various types of twins, the most 
common being thoracopagus and right on down the list (omphalo- 
pagus, ischiopagus, craniopagus, pyopagus) as indicated by Dr. 
O'Neill. 

Probably more important are the findings on the next slide (Slide), 
which emphasize the difference in morbidity and particularly mortal- 
ity between operations that are carried out electively and operations 
that are carried out urgently. Notice the very high mortality rate of 
urgent or emergent operations (40-80%). 

I have two questions. Would Dr. O’Neill comment on timing of 
cesarean sections and evaluating the maturity of twins? Also, what are 
the indications for emergent separation of conjoined twins? 


Dr. G. W. HOLCOMB (Closing discussion): Dr. Filler, we acknowl- 
edge your expertise in this area and your contributions to this field of 
surgery and thank you for your comments. 

We have been able to save the third extremity of two of our children 
with ischiopagus tripus anomalies by using skin expanders rather than 
discarding the third leg, and, therefore, using the skin of the third 
extremity for closure of the abdominal defects. We believe this gives 
better long-term rehabilitation. 

In regards to the subject of skin expanders, although the advantage 
of the abdominal approach includes stretching of the fascia as well as 
the skin, it does require laparotomy in these children. 

The subcutaneous approach avoids a laparotomy and confers less 
risk to the children. Also, they can be placed in other locations other 
than the abdomen, such as the perineum, which again allows us to save 
skin and use it for closure of the abdominal defect rather than using the 
skin of the third leg. 

Dr. Woolley, we thank you for your comments. We agree that it is 
important to gather as much information as possible and thorough 
consultation with various subspecialists is necessary before proceeding 
with separation. 

We had a recent case with fetal ultrasonographic diagnosis of con- 
joined twinning, and the parents decided to have the pregnancy 
aborted. However, this is an unusual case as most often the diagnosis is 
not made until late in the third trimester of pregnancy, and termina- 
tion of the pregnancy is not possible. 
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Dr. Thomas, we agree that it is better to separate these twins elec- 
tively rather than on an emergency basis. 

The use of the lecithin/sphingomyelin ratio has been our parameter 
to decide when caesarean section should be performed on these twins. 

Indications for emergency separation include intestinal obstruction, 
rupture of omphalocele, congestive failure, any obstructive uropathy 
or respiratory embarrassment, or compromising one twin versus the 
other. 

Finally, Dr. Filler and Dr. Randolph have asked me to comment 
briefly on the ethical considerations involved with this problem. 

When one twin is mentally or physically impaired compared with 
the other, then allocation of the organs should be tilted toward “the 
better twin” to try to give this twin as normal a life as possible. 

This situation occurred in our last set of conjoined twins who were 
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recently separated as one twin had a hemorrhagic infarction of the 
right cerebral cortex at birth. 

If the sacrifice of one twin is necessary for the other twin to survive, 
such as in the case of those twins with conjoined hearts or sometimes 
those with a single extrahepatic biliary system, it is important to realize 
that they both would die without separation, and if separated, life 
would be provided for the survivor. 

The operation does not make the decision as to which twin will 
survive. Their own condition has indicated what it will be. 

It is important that the decision be made on the data available and 
after thorough consultation with the parents. Having said this, one 
must always individualize the management and allocation of organs at 
separation. This is expecially important when there are no medical 
differences between twins. 
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This communication presents an 11-center prospective ran- 
domized trial using the artificial dermis invented by Burke and 
Yannas. Patients with life-threatening burns who underwent 
primary excision and grafting within 7 days of injury had com- 
parable sites randomized to receive either the artificial dermis 
(study site) or the investigator’s usual skin grafting material 
(control site). Control materials were autograft, allograft, 
xenograft, or a synthetic dressing. Epidermal grafts were ap- 
plied to the study site during a second operation, and surviving 
patients were followed for 1 year after grafting. One hundred 
thirty-nine sites on 106 patients were studied. Mean burn size 
was 46.5 + 15% mean total body surface (TBSA). Overall 
mortality was 13%, and mean hospital stay was 68 + 45 days. 
Median artificial dermis take was 80% compared with 95% for 
all comparative sites, but the take was equivalent to that of all 
nonautograft control materials. Results with the artificial 
dermis improved slightly as the investigators became more 
familiar with the material. Donor site thickness for the study 
site averaged .006” + .002” compared to .013” + .018” for con- 
trol (p < .0001) and the epidermal donor site healed an average 
of 4 days sooner (10 + 6 vs. 14 + 8 days) (p < .0001). As the 
wounds matured during the first year, both patients and sur- 
geons felt that both sites became more comparable in appear- 
ance and function. At the completion of the study, there was 
less hypertrophic scarring of the artificial dermis, and more 
patients preferred the artificial dermis to the control graft. 
Artificial dermis with an epidermal graft provides a permanent 
cover that is at least as satisfactory as currently available skin 
grafting techniques, and uses donor grafts that are thinner and 
donor sites that heal faster. 
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Unfortunately survival has not been clearly improved 
by early excision in the patient with massive burns, be- 
cause, although the burn can be removed, the patient 
does not have enough autologous skin to cover the re- 
sulting massive wounds. In 1981, Burke and Yannas 
published preliminary clinical results of the use of a 
bilayer ‘‘artificial skin” as a permanent wound cover 
after the excision and grafting of burns.* This communi- 
cation presents the results of an 11-center clinical trial 
comparing this artificial dermis to conventional grafting 
techniques after the early excision of the burns of pa- 
tients with major thermal injury. 


Material and Methods 


The artificial dermis is composed of a porous colla- 
gen-chondroitin 6-sulfate fibrillar mat covered with a 
thin sheet of silastic (Fig. 1). The details of manufacture 
are described by Burke and Yannas, who state, “the 
material is designed to contain physicochemical proper- 
ties providing optimal ‘wetting’ and ‘draping’ properties, 
leading to elimination of dead space, surface adherence, 
control of bacterial invasion and fluid loss, while induc- 
ing cellular and vascular invasion, which would synthe- 
size a dermal matrix while biodegrading the artificial 
implant”.? The material used in this trial was manufac- 
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Disposable Silastic 
(Epidermis) 






Artificial Dermis 
Collagen Fiber 
(chondroitin-6-sulfate) 


FiG. 1. Diagram of the Burke and Yannas bilaminar artificial dermis 
used in this study. 


tured by Marion Laboratories, Kansas City, MO, in ac- 
cordance with Burke and Yannas’s specifications. 

The study was a matched-pair comparison of wounds 
covered with artificial dermis to meshed autograft, or, if 
donor sites were not available, to wounds covered by 
other conventional temporary wound coverings, fol- 
lowed by definitive autograft. Comparisons were per- 
formed in the same patient with wounds of similar site 
and size, randomized to receive either artificial dermis 
or the conventional cover used at the study burn center. 
Conventional covers included meshed autograft, allo- 
graft, xenograft, and synthetic dressings. All patients had 
completed case report forms that were monitored by 
Marion Laboratories, and final statistical analysis of the 
comparative data was performed by statisticians at 
Marion Laboratories. 


Patient Selection 


Patients were eligible if hospitalized with extensive 
flame or scald burns that were considered to be life- 
threatening and, in the opinion of the investigator, 
would not heal within 3 weeks and were amenable to 
early excision and grafting. All patients gave their writ- 
ten informed consent as dictated by the study burn 
center’s Institutional Review Board. The initial excision 
of the wounds had to be performed within the first 7- 
days postburn. Symmetrical wounds were randomized 
to either left-right for symmetrically burned extremities, 
or left-right, top-bottom for wounds that were adjacent. 


Surgical Technique 


Burns were excised to living tissue either by tangential 
(sequential) excision or en bloc excision to the investing 
muscle fascia. After randomization, artificial dermis was 
applied to the study site and sutured or stapled in place. 
Comparison sites were covered with meshed autograft 
(if available) or if donor sites were not available, with 
other temporary dressings, as outlined above. The 
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wounds were dressed according to the standard tech- 
niques of the study burn center. When the artificial 
dermis had become vascularized (usually by 14 days) 
and donor sites were available, the artificial dermis was 
grafted with epidermal grafts taken at the thinnest der- 
matome setting that would produce a translucent graft 
with minimal dermis attached. These grafts were 
meshed at 3:1 or 1.5:1, depending on donor site avail- 
ability, and were placed on the artificial dermis after the 
silastic had been peeled from the vascularized collagen 
matrix. The wounds were again dressed according to the 
usual techniques of the study burn center. If the control 
sites were covered with materials other than autograft, 
the temporary dressing was removed and replaced as 
necessary, and eventually autografted according to the 
usual protocols of the study burn center. 


Evaluation 


In the initial short-term study, artificial dermis was 
compared to the control site (nonautograft and auto- 
graft) for “take” of the collagen mat and then for “take” 
of the subsequent epidermal graft. Control and study 
sites were compared for infection, mechanical problems, 
time to wound closure, and, at discharge from the burn 
center, function and appearance of the wounds. At dis- 
charge, the surgeons were asked to make a subjective 
assessment of the usefulness of the artificial dermis 
compared to conventional techniques. After discharge, 
patients entered into a long-term study and were fol- 
lowed for | year after discharge at 3-month intervals to 
compare the study and control sites for joint function, 
skin function (scaliness, dryness, itching, perspiration, 
pigmentation, and elasticity), the general appearance of 
the comparative sites, and physician and patient “‘pref- 
erence.” 


Results 
Patients 


Eleven centers participated in the study, contributing 
from two to 40 patients. A total of 149 patients entered 
into the study originally (Fig. 2). Of these, six died before 
results could be determined, and 37 had some violation 
of protocol that eliminated them from final efficacy 
analysis. At the conclusion of the study, complete eff- 
cacy data was available for 136 sites in 106 patients. Of 
these, 14 patients died after “take” had been deter- 
mined, and ten dropped from the study either for logis- 
tic reasons or because all artificial dermis had been lost 
and no long-term assessment could be made. Eighty-two 
patients entered into the long-term study, 59 of which 
have been followed for at least 9 months and 26 of which 
have been followed for at least 1 year after complete 
wound healing. 
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Fic. 2. Tree chart of patients entered into the multi-center trial. 
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Demographics 


Of the 106 patients with complete data, 75% were 
male. Caucasians accounted for 61%, blacks for 25%, 
and hispanics for 11%. Twenty-five per cent of patients 
were younger than 15 years old, and 19% were older 
than 60 years of age. Mean total body surface (TBSA) 
burned was 46% + 19% (standard deviation), mean deep 
(full thickness) burn size was 32% + 20% TBSA, and the 
mean hospital stay was 64 + 34 days. Fourteen patients 
died after “take” could be evaluated, with a mortality 
of 13% for males. Overall mortality was 20 of 149, 
also 13%. 


Graft “Take” 


The percentage of “take” of skin grafts in general and, 
as expected, in this series follows a bimodal distribution. 
For bimodally distributed data statistical, analysis was 
performed using the Wilcoxin Rank Sum Test. Median 
artificial dermis “take” was 80%, compared with the 
median take of all controls of 95%. Distribution of per- 
centage of “take” of artificial dermis compared with all 
controls is shown in Figure 3, and, with a p value of 
<0.0001, was significantly less by Wilcoxin test. The 
“take” of artificial dermis differed somewhat from burn 
center to burn center, and there appeared to be a learn- 
ing curve in centers who contributed more than 10 pa- 
tients (r = 0.23, p < 0.03), obtaining better “take” as the 
surgeons became more experienced in the use of the 
artificial dermis. Although widely meshed autograft 
“took” more readily than the sheets of artificial dermis, 
when artificial dermis was compared with allograft there 
was no difference in “take” (Fig. 4). Epidermal graft 
“take” on the artificial dermis is shown in Figure 5; 
mean epidermal take was 86% (median 90%), but be- 
cause of the spreading capabilities of the epidermis, with 
“take” of >50%, patients usually did not require an- 
other operation to close the wound. 
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FIG. 3. Graphic representation of “take” of artificial dermis compared 
with all control sites. 


Donor Sites 


Donor site thickness mean was 0.013” + 0.018” for 
control sites and 0.006” + 0.0025” for epidermal grafts 
over artificial dermis, by ¢ test a significant difference 
with a p value of <0.001. As would be expected, the 
thinner artificial dermis donor sites healed significantly 
faster, in 10.6 + 5.8 days compared 14.3 + 6.9 days of 
with control sites (p < 0.001 by t test). It should be noted 
that the artificial dermis donor sites were often re- 
cropped sites from previous autografting, and that re- 
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Fic. 4. Graphic representation of “take” of artificial dermis compared 
with cadaver allograft. 








l 
4 


SS ie 


316 


50 


AD Epidermal Graft Take 


Mean 86+21% 


% Patients 
WA {EE SN 


FiG. 5. Graphic representation of “take” of epidermal grafts on artifi- 
cial dermis. 


cropped donor sites heal more slowly than primary 
ones. 


Surgeon’s Overall Evaluation 


A subjective critique of the artificial dermis on 74 
patients was provided by the operating surgeon at the 
conclusion of the “short-term” study. In response to the 
question, “Was artificial dermis advantageous in the 
management of this particular patient?” 47 (63%) of the 
comments were affirmative. In 27 patients (36%), the 
acute results were believed to be no better than could 
have been achieved with routine methods. The negative 
comments were generally made about those patients 
where the artificial dermis did not “take” well. The sur- 
geons provided no response to that question for 15 of the 
patients. Positive comments included mention of the 
ability to use thin donor sites that healed quickly, the 
handling characteristics of the artificial dermis com- 
pared with allograft, the ability to close the wound with- 
out fear of rejection while awaiting donor healing. Nega- 
tive comments included mention of the need for a sec- 
ond operation, less adequate drainage of serum and 
blood through the solid sheet of Silastic'™’, and the 
seemingly poor resistance of the artificial dermis to in- 
fection. In this evaluation, appearance and function of 
the final cover were not considered. 


Long-term Evaluation 


Of the 82 discharged patients, 59 have been followed 
for more than nine months, and 26 have completed the 
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study, being at least 1 year from discharge. Itching, rated 
on a scale of 1-5 was significantly less (Wilcoxin Rank 
Sum test p < 0.02) in the artificial dermis site. Dryness, 
scaliness, elasticity, sweating, sensation, and erythema 
were similar at both control and artificial dermis sites. 
There was less hypertrophic scarring in artificial dermis 
sites 42% of the time, and equivalent on study and con- 
trol sites 57% of the time. No patient felt the artificial 
dermis site had more hypertrophy than the control site. 
Although the artificial dermis donor sites had often been 
recropped, 72% of patients still felt the artificial dermis 
donor site was “more normal,” and 17% felt there was 
no difference; 11% felt the control donor site was “more 
normal.” Overall evaluation and preference of the pa- 
tients revealed that 26% preferred the artificial dermis, 
64% finding the sites equivalent, and 10% preferring the 
control site. Physician ratings were similar, with 39% 
preferring the artificial dermis, 45% finding the sites 
equal, and 16% preferring the control site. 


Discussion 


The functional result from grafting with 1.5:1 meshed 
autograft is equivalent to that obtained by sheet grafts. 
The grafted dermis, however, does not reproduce itself 
to fill the interstices, so the meshed pattern is perma- 
nent, and to many patients, it is not as cosmetically 
appealing as sheet autograft. Because skin grafts shrink, 
donor sites must be larger than the excised burn if sheet 
grafts are to be used, and if the burn is more than ap- 
proximately 10% TBSA, the donor sites can rarely be 
hidden on the buttocks, hips, and lower back. After tak- 
ing grafts at .012” to .020” hypertrophic scarring, and 
pigmentation changes are not uncommon in donor 
sites, especially in children and patients with consider- 
able skin pigmentation, such as Blacks, Hispanics, and 
Orientals. When burns are between 20% and 30% 
TBSA, 1.5:1 meshed autografts are usually used to pro- 
vide complete wound coverage, but when the burns are 
larger than 30% TBSA, there are usually not enough 
donor sites to use 1.5:1 mesh, except in grafting the 
hands. In this circumstance, widely spread meshed au- 
tografts (3:1 or 6:1) are commonly used, but they pro- 
vide neither an acceptable cosmetic or functional cover, 
nor do they close the wounds, as the wide interstices are 
still thousands of small, open wounds. When the area to 
be excised exceeds 40% TBSA, it is not usually possible 
to cover the entire excised area, primarily without sub- 
sequent recropping of the original donor sites. It takes at 
least 2 weeks for the original donor sites to heal, during 
which time alternate plans must be made to prevent 
infection in the nongrafted burns. Delaying further ex- 
cision until donor sites become available leaves eschar in 
an already immunocompromised patient and risks burn 
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wound sepsis, so current thought is generally to excise all 
full thickness eschar and close the resulting wound with 
an alternative cover. 

Frozen cadaver allograft is the most commonly used 
temporary cover. The quality and safety of the skin de- 
pends on the skin bank from which it comes. Bacterial 
infection, hepatitis, and transmission of other viruses 
are not imagined problems. While the banked skin is 
metabolically active,**° there is doubt whether the epi- 
dermal cells can reproduce themselves. Allograft is often 
used as an overlay on widely spread autografts in order 
to close the wound;°® as the autografted epidermis 
spreads, it gradually dislodges the allograft. This suc- 
cessfully provides a closed wound, yet the final cosmetic 
and functional results remain poor. Although burn pa- 
tients are immunocompromised, allografts may still be 
rejected if left in place for more than 2 weeks. Rejection 
creates a temporarily ungraftable bed that is subject to 
infection. Additional drug-induced immunosuppression 
was successful in improving mortality in children by 
prolonging fresh allograft “take” when the children were 
treated in laminar flow isolators,’ but the results of this 
study have not since been duplicated. More recently, 
prolonged allograft “take” has been reported, using cy- 
closporine immunosuppression in rats® and a patient,” 
but the fear of overwhelming sepsis remains. Heck and 
Baxter report that frozen allograft dermis from which 
the epidermis has been stripped is not rejected and can 
form a permanent dermal support for thin autografts. '° 
Unfortunately, the same fears of disease transmission 
pertain. 

A number of combination allograft-autograft tech- 
niques have been used to expand epithelial cover. The 
Chinese take large sheets of fresh allograft and insert tiny 
pinch autografts into thousands of little holes cut in the 
sheets of allograft,'' but to date, Western physicians 
have lacked the patience to attempt this technique. 
Other surgeons have alternated strips of allograft and 
autograft,'*'? but the technique is tedious and provides 
results not much different from widely spread meshed 
autograft. 

Although with some difficulty, keratinocytes can now 
be grown in tissue culture, and expansion by 10,000 
times the original specimen is possible in about 3 weeks. 
An initial enthusiastic report for the clinical use of this 
fragile cover in children prompted several surgeons to 
duplicate the experiment.'* Unfortunately, the patient 
must still be kept alive for 3 weeks while the cells are 
growing, the cultured cell “take” is rather poor,'” the 
resulting cover is very fragile for several months, and the 
lack of an underlying dermis creates severe scarring. Al- 
lograft epidermal cells cultured after removal of the 
highly antigenic Langerhans’ cells were reported to pro- 
vide a permanent epidermal cover,'° but it is not clear in 
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this report whether the final epidermal cover was allo- 
grafted keratinocytes or regrown autologous epidermis. 

For a short time (7 days), pig xenograft will works as 
well as allograft in preparing a wound bed,’’ but xeno- 
grafts do not vascularize, and, therefore, they offer little 
resistance to infection if left in place for more than a few 
days. A myriad of “plastic” synthetic materials have 
been developed and are well reviewed by Davies. '®'? For 
brief periods, they seem to work as well as allograft as a 
temporary (i.e., for a few days) wound cover,” but they 
also do not vascularize, their conformability varies, they 
have little resistance to infection, and they often do not 
adhere to the wounds. 

Because of the physical and physiologic limitations of 
the available wound covers, Burke and Yannas’s report 
of a permanent artificial dermis offered great hope for 
the patient with extensive burns. The material may act 
as a structured collagen template, so as it becomes popu- 
lated with native cells, the fibroblasts replace the bovine 
collagen to produce a final result resembling dermis 
more than it does scar. The use of ultra-thin epidermal 
grafts as a final wound cover has important implica- 
tions. Donor site scarring is proportional to donor 
thickness and to donor site infection; the deeper the 
donor site, the longer it takes the donor site to heal and 
the greater the risk of infection. The dermis that is re- 
moved when taking standard autografts does not regen- 
erate, so each cropping creates a thinner dermis on the 
donor site with fewer appendages from which the 
wounds epithelialize. By the third or fourth cropping, 
the dermis has been entirely removed, and the donor site 
becomes a full-thickness wound. Furthermore, as the 
dermis gets thinner, the donor sites take longer to heal; 
so it is not uncommon for recropped donor sites to take 
3-6 weeks to heal. Epidermal grafts would permit limit- 
less recropping of donor sites with healing taking place 
within a few days. A final, but as yet untested, potential 
use for an artificial dermis is for small burns or for re- 
constructive surgery in patients with a known propen- 
sity for forming hypertrophic scars in grafted areas or 
donor sites. 

The artificial dermis tested in this study generally 
functioned well. “Take” was as good as all comparative 
materials, save autograft. Meshed autograft “takes” well 
because it conforms perfectly to the wound and the in- 
terstices provide ample drainage for blood and serum. 
The impermeable sheet of Silastic over the artificial 
dermis put it at greater risk for fluid collection beneath 
the collagen mat; these collections can either mechani- 
cally dislodge the artificial dermis or, if contaminated, 
provide a rich pablum for bacteria, which melts the arti- 
ficial dermis over several days. Meshing the artificial 
dermis without expanding it might solve this problem. 

When the artificial dermis “took,” the Silastic gener- 
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FIG. 6. Control site of 3:1 meshed autograft at | year on the thigh of a 
4-year-old. 


ally remained adherent, and if the second operation was 
delayed for at least 14 days, the adherence of the colla- 
gen mat to the excised bed was greater than to the Silas- 
tic, so the Silastic was not difficult to remove. Occasion- 
ally bits of the collagen mat remained adherent to the 
Silastic. The clinical impression is that these denuded 
areas led to small scars in the final result. Getting the 
epidermal grafts to “take” was not a problem if the col- 
lagen mat had been well vascularized. Harvesting epi- 
dermal grafts does require some experience, accounting 
for the thicker than necessary epidermal donor grafts of 
0.006” reported in this initial clinical trial. As surgeons 
become familiar with taking them, donor grafts can suc- 
cessfully be taken at 0.002”—0.003”, ensuring a transpar- 
ent graft with virtually no white dermis attached. Even 
when these epidermal grafts are meshed, in the absence 
of a meshed dermis, the final appearance and texture of 





FIG. 7. Artificial dermis at 1 year on the other thigh of the child shown 
in Figure 6. 
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the artificial dermis is smooth and flat, rather than hav- 
ing a meshed appearance. In the well-nourished patient, 
purely epidermal donor sites heal in about 4 days. In this 
study, the donor healing time of 10 days is accounted for 
by the donor thickness, and because it was often neces- 
sary to recrop donor sites that had been used for the 
initial autografting. 

For the most part, the artificial dermis either worked 
well or not at all. One patient with an 85% TBSA burn 
had artificial dermis in place for 75 days, with the Silas- 
tic intact, while his meager donor sites were multiply 
recropped. On the other hand, in several patients, the 
artificial dermis rapidly became infected and melted 
away, leaving an infected wound bed. 

Because final wound closure was delayed for at least 
14 days, by the time of discharge from the hospital, the 
artificial dermis site was always less mature than the 
control site if autograft had been the initial comparison 
material. Nonetheless, rarely did the patient prefer the 
control site to the artificial dermis site. As time passed 
and both wounds matured, both patients and surgeons 
tended to believe that the two sites were equivalent, al- 
though over twice as many patients and physicians pre- 
ferred the artificial dermis to the control site (Figs. 6 and 
7). Junctures between sheets of artificial dermis and at 
the wound edges still formed scars, and areas where arti- 
ficial dermis “‘take”’ was not perfect resembled the con- 
trol site scarring. 


Advantages 


The artificial dermis makes a better-appearing wound 
than widely meshed autograft when the artificial dermis 
has “taken” well. Compared to allograft, it is easier to 
use, “takes” as well, does not carry the risk of viral 
infection inherent in allograft, does not reject, and does 
not need to be removed. Donor grafts can be taken as 
thin as the dermatome will permit, leading to rapid 
donor site-healing, a more normal final donor site ap- 
pearance, and frequent recropping can be performed, if 
necessary. For the patient with an extensive burn, the 
requirement for a second operation does not increase 
hospital stay because sufficient donor sites are not avail- 
able to provide total coverage without subsequent re- 
cropping. When recropping is necessary, thin donors, 
which can soon be recropped, may actually shorten the 
time to obtain definitive coverage. 


Disadvantages 


Meshed autograft “take” is better than artificial 
dermis “‘take”’, probably because of the better conform- 
ability and drainage of the autograft. Developing infec- 
tion may be subtle and, under the artificial dermis, is not 
noticed until it has spread. For patients with moderate 
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burns who could be covered in one sitting by conven- 
tional methods, the second operation delays definitive 
coverage and could lengthen hospital stay. 


Conclusion 


In patients with major burns, artificial dermis permits 
early wound closure with as good a take as allograft, and 
when covered with a subsequent epidermal graft it pro- 
vides a permanent cover that is at least as satisfactory as 
currently available skin grafting techniques and uses 
donor grafts that are thinner and leave donor sites that 
heal faster. 
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DISCUSSION 


DR. FRED T. CALDWELL (Little Rock, Arkansas): I congratulate Dr. 
Heimbach and his large number of co-investigators on the completion 
of a very difficult, and important multicenter clinical evaluation of an 
artificial dermis. 

I have had the opportunity to review the manuscript and it clearly 
outlines in great detail the advantages and disadvantages of the use of 
this material. 

There are several things that are clear. One, this is no humbug. I 
believe this is a real addition to our armamentarium. This material is 
easier to use and safer than allografted tissue as demonstrated by these 
data. It allows the use of much thinner autografts. Therefore, recrop- 
ping can be performed at short intervals and in some of these cases this 
is tantamount to living or dying. Although the initial take is not as 
good as with meshed autograft, the end result both from physician’s 
and patient’s standpoint is at least equal. 

I believe the authors are on the right track. Early elimination of the 
burn wound eliminates a multitude of problems associated with burn 
injury with a major exception of inhalation injury. 

I have two questions for Dr. Heimbach. The patient sample includes 
many children and older adults, and I just wondered if age makes a 
difference in the result obtained with this material? Although I realize 
it was not a primary goal of this study, I would like to know if Dr. 
Heimbach and his co-authors have any feeling as to whether or not this 
material could have an impact on the survival of patients with what are 
now lethal thermal injuries. 
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Dr. BOYD WITHERS HAYNES JR. (Richmond, Virginia): What we 
have heard today is a milestone in the progress toward control of burn 
wound healing. This presentation recalls the Association’s meeting in 
1981 when Dr. Burke first presented the concept, and I observed at that 
time that it was reminiscent of the rejection process for skin allograft. 
Once epidermis rejects, there remains a dermis that will often accept 
autografted skin. 

I believe that the allograft dermis survives because of low antigeni- 
city, or because it is biodegraded and replaced by body collagen, as is 
the case with the artificial dermis. 

I would like Dr. Heimbach to tell us if normal sensation returns after 
epidermal healing, and whether itching occurs. 


Dr. F. WILLIAM BLAISDELL (Sacramento, California): I enjoyed the 
paper, and I have just one question. The practical point raised by 
having artificial dermis is: would you defer grafting of the patient in 
deference to using the artificial dermis? In other words, if you had 
limited donor sites, would you defer using those donor sites initially so 
that when you did graft, you might ensure a take; and under these 
circumstances, would you use artificial dermis instead? 


Dr. MILTON T. EDGERTON (Charlottesville, Virginia): Certainly the 
major burn continues to be a challenge to all burn centers. I am 
convinced that Dr. Heimbach, expanding on Dr. Burke’s earlier initia- 
tives, may be about to open a new major chapter in burn care. 

A few years ago, a small group of American plastic surgeons were 
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invited to visit some of China’s burn centers. They showed spectacular 
survival rates in major burns, exceeding what we are generally getting 
in burn centers in this country. A number of patients with over 90% 
body surface burns had survived and healed. 

The question that the Chinese surgeons addressed to the American 
surgeons was “What might they do about the severe contractions that 
remained after healing?” The patients surviving from these major 
burns were so immobilized by contractures that they could not get 
adequate joint movement to walk or use their hands and arms. The 
reason was that the surgeons had repeatedly harvested split-thickness 
skin grafts from small donor areas. These very thin grafts contain little 
dermal element—as Dr. Heimbach pointed out. 

We still do not have a good answer for the Chinese surgeons. Buried 
elastic skin expanders help in enlarging certain donor areas to a degree, 
but dermis is needed to reduce contraction. 

I would like to share an observation that is relevant to this paper. 
Over the last four decades, burn centers have continued to use massive 
skin allografting to save lives in acute major burns. These grafts (both 
freshly harvested and frozen cadaver grafts) slowly fail, usually starting 
with the ulceration of the epidermis. If a regrafting with autogenous 
thin skin grafts is carried out before the allografted dermis has sloughed 
completely from these wounds, several of us have observed that the 
final contraction of these grafted wounds is reduced. In other words, 
the collagen in the residual allograft dermis appears to be of sufficiently 
low antigenicity that it may survive and function if covered by the 
patient’s own epidermis. This observation agrees with the results Dr. 
Heimbach reported in his interesting paper. 

We now must be concerned about the danger of transmitting several 
viruses by skin or organ allografting. Thus, more than ever, we need a 
safe artificial or synthetic dermis to provide early wound coverage for 
patients with massive burns. 


DR. BASIL A. PRUITT, JR. (Fort Sam Houston, Texas): I enjoyed Dr. 
Heimbach’s paper and have two questions. 

It has been our experience that in a few patients, the material has 
failed to vascularize when it was applied to the wound after excision at 
the level of the investing fascia. Do you believe that the porosity of the 
dermal analogue changes during storage so that there cannot be ade- 
quate fibrovascular ingrowth? 

Secondly, have you taken this one step further? It now appears that 
culture-derived epithelial sheets do best when they are applied on 
dermal wounds and do not do well when they are applied on wounds 
that are excised at a lower level. Does the dermal analogue of this 
membrane function sufficiently like true dermis so that epidermal 
sheets applied to the dermal analogue after removal of the Silastic 
membrane will adhere uniformly and survive? 


Dr. D. M. HEIMBACH (Closing discussion): First, to Dr. Caldwell, in 
our patients there is clearly an age-dependent mortality. Elderly pa- 
tients tolerate burns poorly, whereas children generally do well. The 
mortality rate in this series was generally low, and most of the deaths 
were in patients with massive burns or associated severe smoke inha- 
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lation. We could not study survival in this series because each patient 
served as his own control, and, consequently, there was not a control 
patient to compare with. On the other hand, I have the subjective 
feeling that the patient I showed with the 85% full thickness burn 
would not have survived using our conventional methods, since he had 
few donor sites that would have taken longer to heal using standard 
thickness grafts, and they would have become either full thickness 
wounds or he would have died from infection waiting for them to heal. 

Dr. Charles Baxter has suggested that transplantation of cadaver 
allograft split-thickness grafts with subsequent removal of the epi- 
dermis also leaves a dermal template that is not rejected. We have no 
experience with this technique but it should be further evaluated. The 
problem with using standard allograft is that when it rejects it does not 
just “melt away” leaving a nice bed, but rather looks moth-eaten and 
the open wounds become infected leaving a bed ungraftable for a 
considerable time. Furthermore, allograft still has a significant risk of 
hepatitis transmission, comparable with that of transfusion (5-8% of 
non-A non-B hepatitis). 

Dr. Blaisdell, when we get more experience with this material we are 
likely to defer grafting with widely spread mesh autographs because 
the functional and cosmetic results are generally so poor. Another 
important use for such a material will be in patients who are known to 
form hypertrophic scars (the thinner the donor site, the less the scar- 
ring), and in children with scald burns, where grafting of the burn may 
give a better result, but where current donor sites would be so extensive 
that they cannot be hidden by panties or shorts. We must keep in mind 
that our results will be with the child for 70 or more years, and there- 
fore it is our responsibility to “do it right the first time.” 

Dr. Edgerton talks about the remarkable Chinese experience. Their 
current technique is to use huge sheets of allograft into which are 
punched thousands of tiny holes that are filled with miniscule micro- 
grafts of the patient’s skin: a case where the Professor tells the residents, 
“You go ahead and fill up the holes—I’ll be in my office if you need 
me.” Our Western culture has not developed the patience to use this 
technique, and, furthermore, their patients have scarring that I believe 
can be obviated by techniques such as the one I described today. That 
is one of the problems with cultured keratinocytes as a sole wound 
cover. Without dermis, scar formation is universal. 

Dr. Pruitt, fascia has a rather poor blood supply, and a wound 
excised to fascia generally has some rough contours, making perfect 
apposition of the collagen mat more difficult than it is with widely 
spread mesh which conforms well to such a surface. Vascularization 
occurs, but it seems to take longer than it does with a bed of deep 
dermis or fat. Therefore, we have waited longer than 14 days to remove 
the Silastic when the graft bed is fascia. 

Finally, Dr. Burke and Yannas have experimented with the obvious 
advantages of combining the artificial dermis with cultured autologous 
keratinocytes. By the time the collagen mat is vascularized, large sheets 
of epidermis could be prepared. Unfortunately, Dr. Burke reports that 
currently they cannot get the keratinocytes to “stick” to the collagen 
mat. When that impediment is finally broached, I believe we will have 
a very major advance in burn wound coverage. 


“Rarely in the modern textbook does one find the unique 
combination of a masterful command of the English 
language, the superb organization of the book itself, and 
the combined textbook atlas concept so well written 
and prepared by a sole author who fearlessly commits 
his opinions in writing.” 
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In a prospective study, 85 patients with chronic pancreatitis 
have been subjected to evaluation by morphologic analysis (en- 
doscopic retrograde cholangiopancreatography), by exocrine 
function tests (bentiromide PABA and 72-hour fecal fat test- 
ing), and by endocrine function tests (oral glucose tolerance 
test and fat-stimulated release of pancreatic polypeptide). All 
patients were graded on a five-point system, with 1 point as- 
sessed for an abnormal result in each of the five tests per- 
formed. Zero score denoted mild disease; 1-2 points signaled 
moderate disease; and 3-5 points indicated severe disease. In 
68 patients, both an initial and late (mean follow-up period of 
14 months) evaluation were performed. Forty-one patients un- 
derwent modified Puestow side-to-side Roux-en-Y pancreati- 
cojejunostomy. The Puestow procedure alone was performed in 
18 patients. Eight patients also had drainage of pseudocysts, 
seven also had a biliary bypass, and eight had pseudocyst 
drainage plus bypass, in addition to the Puestow. There were 
no deaths. Of the 68 patients who were studied twice, 30 had 
operations and 38 did not. None of the patients with severe 
disease improved their grade during follow-up. Of 24 patients 
who did not undergo operation, 17 (71%) who were graded 
mild/moderate progressed to a severe grade at follow-up. By 
contrast, only three of the 19 patients operated on (16%) and 
who were initially graded as mild/moderate progressed to se- 
vere disease at follow-up testing. More than 75% of all of the 
patients had a history of weight loss. Twenty-six of 30 patients 
operated on (87%) (all of whom had lost weight before surgery) 
gained a mean 4.2 kg (range 1.4-2.7 kg) after surgery, com- 
pared with no significant weight change (range —3.6-2.7 kg) 
among patients not operated on. These findings support a pol- 
icy of early operation for chronic pancreatitis, perhaps even in 
the absence of disabling abdominal pain. 
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HRONIC PANCREATITIS (CP) is associated with 

one or all of a triad of abdominal pain, exocrine 

insufficiency and endocrine insufficiency. As 
the disease progresses, the two functional deficits often 
proceed to steatorrhea and diabetes mellitus. By stan- 
dard teaching, the progression to end-stage levels of 
functional impairment are not altered by operations. ' 
Insulin therapy and exogenous pancreatic enzyme sup- 
plementation may partially control the functional defi- 
cits. Unrelenting abdominal pain, often causing narcotic 
habituation, has been a greater clinical challenge. The 
major, nearly singular, indication for operation in the 
treatment of CP has been unrelenting abdominal 
pain.** 

Operative procedures for CP are generally classified as 
either resectional (partial or total pancreatectomy), or 
decompressive, most commonly represented by the 
side-to-side longitudinal pancreaticojeyjunostomy (mod- 
ified Puestow procedure). Both types of operative pro- 
cedures are said to control pain successfully in 60-90% 
of patients.” The impact of operation on pancreatic 
function has been evaluated only in passing,”~'” and evi- 
dence for a favorable influence of operation on function 
has been demonstrated in only a small subset of patients 
in one recent report.'? No comparison of operative and 
nonoperative treatment of CP has been reported pre- 
viously. 

Uniform analysis of patients with CP has been elusive 
because no accepted means to stratify patients on the 
basis of severity of disease has been accepted. We have 
recently developed a grading system based upon mor- 
phologic and functional measurements." 

In the present study, this grading system was used in 
order to prospectively evaluate all patients who were 
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TABLE 1. Reasons for not Operating on 44 Patients who were 


Followed Without Operation and who Served as C ontrol Subjects 
$$ —— ES 


Mild/ 
Total Moderate Severe 
(n = 44) (n = 26) (n = 18) 
Nondisabling pain 18 10 8 
Small main 
Pancreatic duct 17 11 6 
Patient refusal 7 4 3 
Cirrhosis 2 l l 





————————— 


admitted to our service with a diagnosis of CP. After 
initial evaluation, a grade was assessed for each patient, 
who was then assigned to either supportive care or oper- 
ation. Follow-up evaluation and revised grading was ob- 
tained after a mean interval of 14 months. The impact 
of operative or nonoperative therapy on the progression 
of endocrine and exocrine dysfunction was determined, 
and is presented here. 


Methods 


Patients with a diagnosis of CP at the University of 
Texas Medical Branch in Galveston were referred to our 
Pancreas Clinic. Over the course of 42 months (Sep- 
tember 1984—March 1988), 92 patients with CP were 
seen. Eighty-five of these patients agreed to participate 
in this study and were admitted to our Clinical Research 
Center for testing. Virtually all patients with CP were 
considered candidates for study, and exclusion from 
study occurred only when patients chose not to partici- 
pate. Patients who had not yet had an ERCP were sent 
to our surgical endoscopy unit for that procedure. 

We used a protocol approved by the Investigation 
Review Board of the University of Texas Medical 
Branch. Signed, written informed consent was obtained 
from all participants. All patients were asked about 
present or past ethanol abuse, abdominal pain (charac- 
ter and duration), weight loss, diarrhea, fatty stools, pre- 
vious operations, previous episodes of pancreatitis, dia- 
betes, and need for narcotics. In order to validate stud- 
ies, pancreatic enzyme supplements were stopped 5 days 
before admission. ERCP was performed on those pa- 


TABLE 2. System for Grading Chronic Pancreatitis 


$ PP OGTT PABA * 72-hour FF ERCP 


1 Point | Point | Point 1 Point | Point 

0 Points = mild grade 

1-2 Points = moderate grade 

3-5 Points = severe grade 

Each of five tests, fat-stimulated pancreatic polypeptide (PP), oral 
glucose tolerance test (OGTT), bentiromide PABA, 72-hour fecal fat 
(72-h FF), and endoscopic retrograde cholangiopancreatography 


(ERCP) are performed. Abnormal results on each test is assessed one 
point. 
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tients who had not previously undergone the procedure. 
On separate days each patient underwent: 1) a fatty- 
meal (Lipomul,™ Upjohn Company, Kalamazoo, MI) 
stimulated release of pancreatic polypeptide (PP), 2) an 
oral glucose tolerance test (OGTT) with simultaneous 
measurement of insulin (by radioimmunoassay) and 
glucose, 3) a bentiromide PABA test! combined with 
d-xylose, and 4) a 72-hour fecal fat measure (72-hour 
FF). Serum levels of amylase, lipase, bilirubin and alka- 
line phosphatase were obtained. No patients were stud- 
ied during a relapse or exacerbation of an acute inflam- 
matory episode. After a mean interval of 14 months, 
each patient underwent an initial evaluation (5 studies) 
and an identical follow-up examination. 


Criteria for Operative or Nonoperative Therapy 


An absolute requirement for operation was abdomi- 
nal pain. The pain was of sufficient severity to necessi- 
tate repeated hospitalizations, repeated visits to emer- 
gency rooms, and use of narcotics, often daily. The pain 
was sufficiently severe to induce weight loss and to re- 
strict the ability of the patient to maintain employment 
or to conduct normal activities. Intermittent pain was 
an indication for operation only when the frequency 
and severity were increasing and disabling. All candi- 
dates for operation had advanced abnormalities on 
ERCP with dilatation of the main pancreatic duct 
(MPD) greater than 8 mm. The reasons for not operat- 
ing on patients included: nondilated MPD, nondisa- 
bling pain, patient refusal, and associated cirrhosis 
(Table 1). 

The operative procedure employed in all patients was 
a modified Puestow procedure—that is, a longitudinal 
side-to-side Roux-en-Y pancreaticojejunostomy, as de- 
scribed by Partington and Rochelle.'!® The anastomosis 
extended to the tail of the gland on the left and past the 
genu of the MPD in the head of the gland. Any ductal 
stones were removed. The modified Peustow was com- 
bined with a choledochoenterostomy in patients who 
demonstrated no evidence of cholangiography from 
ERCP of a typical stricture of the distal (intrapancreatic) 
common bile duct, associated with sustained elevation 
of serum alkaline phosphatase to greater than 450 IU/dl. 
Pseudocyst drainage was used in all patients with asso- 
ciated pseudocysts. 


Grading System 


One morphologic (ERCP), two exocrine (bentiromide 
and 72-h FF) and two endocrine (OGTT and fat-stimu- 
lated PP) tests were used in producing a grading system 
ranging from 0 to 5 points, as adapted from our previous 
report.'* The point system has been modified to include 
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the endocrine measures of PP and OGTT (Table 2). 
ERCP tests with advanced changes according to the 
Cambridge grade!’ were assessed a grade of 1. In patients 
in whom a pancreatogram could not be obtained by 
ERCP (either because of duct obstruction or technical 
failure), an intraoperative pancreatogram was obtained. 
Each abnormal function test was assessed | point. Any 
patient with a score of O was graded as having mild CP, 
1-2 points as having moderate CP, and 3-5 points as 
severe-grade CP (Table 2). 

The NBT-PABA (Chymex,® Adria Laboratories, 
Dublin, OH) test, commonly referred to as the bentiro- 
mide test, and a simultaneous d-xylose test were per- 
formed as previously described. '4 

After an overnight fast, release of PP was induced by a 
fatty meal (Lipomul), consisting of 71% fat by weight, 
long-chain triglycerides, at a dose of 1.5 ml/kg body- 
weight. Serial blood samples were obtained for later 
assay of PP. Release was measured by standard radioim- 
munoassay methods used in our laboratory.'® 

A standard oral glucose tolerance test with simulta- 
neous measure of circulating insulin-like immunoreac- 
tivity (ILI) and a 72-hour FF test were performed as 
previously described. '4 

Since September 1984, 85 patients with chronic pan- 
creatitis have been studied at least once. Of this number, 
68 patients have been studied twice, once at initial eval- 
uation and again after a mean 14-month interval. Three 
patients have been lost to follow-up, and 14 were studied 
initially and have not yet reached the appropriate fol- 
low-up period. There were 33 women and 52 men with a 
mean age of 44 years (range 19-68 yrs). Ethanol-in- 
duced pancreatic inflammation was the etiologic factor 
in 79 patients (93%); one man had CP which was pre- 
sumed related to a previous exposure to toxic amounts 
of an insecticide; and five patients had idiopathic pan- 
creatitis. 


Operation 


Forty-one patients had operations after initial evalua- 
tion. Two patients who were studied had previously un- 
dergone main pancreatic duct (MPD) decompression 
(Puestow procedure), both with advanced disease; these 
patients have been excluded from this analysis. Thirty of 
the 41 patients who underwent operations were evalu- 
ated initially and during follow-up (mean 14.8 months). 
Thirty-eight of 44 patients who did not undergo surgery 
have had initial and follow-up testing. We have com- 
pared early and late functional tests in the 30 patients 
who were operated on and the 38 who were not. 

The chosen operative procedures are listed in Table 3. 
Bach operation included the modified Puestow proce- 
dure. 
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TABLE 3. List of Operative Procedures Used in this Study 
Patients 

a ee a u 
Puestow alone 18 (44%) 
Puestow + pseudocyst 8 (20%) 
Puestow + biliary bypass 7 (17%) 
Puestow + pseudocyst + biliary bypass 8 (20%) 


All 41 operated patients underwent the modified Puestow longitu- 
dinal side-to-side Roux-en-Y pancreaticojejonostomy, alone or com- 
bined with other procedures (below). 


Results 


Of 41 operations, no deaths have occurred. Three pa- 
tients had wound infections, and all three underwent 
biliary-enteric anastomosis. No pseudocysts have re- 
curred in the postoperative period during which we have 
followed the patients. 


Grade Changes Among Patients of the Two Study 
Groups 


Our two study groups (patients who were operated on 
and those who were not) were not randomized. Initial 
evaluation was completed on 85 patients. Of the 41 pa- 
tients operated on, 25 have been rated as having mild/ 
moderate CP and 16 as having severe-grade CP. 
Twenty-six patients who did not undergo surgery were 
rated as having mild/moderate CP, and 18 were rated as 
having severe CP. Of 51 patients initially graded as hav- 
ing mild/moderate CP, 25 were operated on and 26 were 
not. Nineteen of the 25 patients with mild/moderate CP 
who were operated on were studied during follow-up. 
After operation, 16 of these 19 patients (84%) initially 
graded as having mild/moderate CP were assessed that 
same grade during follow-up (Table 4). Three patients 
operated on progressed to severe-grade. Twenty-four of 
the 26 patients not operated on and who were initially 
graded as having mild/moderate CP have had follow-up 
testing, and only seven of those 24 patients (29%) were 
assessed that same grade during follow-up; 17 patients 
progressed to severe-grade (Table 4). The difference in 
sustained pancreatic function between the group of 
mild/moderate patients operated on (16 of 19, or 84%) 
and the group not operated on (7 of 24, or 29%) was 


TABLE 4. The Change in Severity Grade from Initial Evaluation 
to Follow-up for Mild/Moderate Stage in Operated 
and Nonoperated Patients 





Mild/Moderate (n = 43) 


Initial Progressed to 


Evaluation Follow-up Severe 
Operated 19/19 (100%) 16/19 (84%) 3/19 (16%) 
Nonoperated 24/24 (100%) 7/24 (29%)* 17/24 (71%)* 


*p < 0.05 


. 
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TABLE 5. Ethanol Use in Patients with Mild/Moderate Grade at 
Initial Testing and in Follow-up 


Not Operated 
On Operated On Total 
(n = 22) (n = 19) (n = 41) 
Continued ETOH at 
Initial Testing 10 (45%) 11 (58%) 21 (51%) 
Continued ETOH at 
Follow-up 9 (41%) 12 (63%) 


21 (51%) 


significant by X? analysis. Mean follow-up for the group 
operated on was 14.8 months (10-15 month range); for 
the group not operated on, it was 14.1 (9-15 month 
range). 

Of the 34 patients with severe disease at initial testing, 
16 have been operated on; 11 of these have had follow- 
up testing. Fourteen of 18 patients not operated on and 
who had severe disease were tested both initially and 
during follow-up. No patient, whether operated on or 
not, with a severe grade showed any improvement. The 
severe functional deficit appears to be fixed. 


Comparison of the Two Study Groups 


Continued ethanol use was monitored by interview 
only, and those data are reliable only in the sense of 
having been obtained from each patient in a uniform 
fashion. The distribution of patients according to eth- 


TABLE 6. Comparison of Clinical Features at the Time of Initial 
Assessment for all Operated and Nonoperated Patients 


Not Operated Operated 
On On Total 
(n = 44) (n = 41) (n = 85) 
Disabling abdominal 
pain 28 (64%) 41 (100%) 69 (81%) 
Weight loss 32 (73%) 34 (83%) 66 (78%) 
Steatorrhea 10 (23%) 11 (27%) 21 (25%) 
Insulin-dependent 
diabetes mellitus 9 (20%) 8 (19%) 17 (20%) 


TABLE 7. Body Weight in Chronic Pancreatitis Patients as a 
Function of Weight Loss Before Initial Evaluation, Percentage 
of Patients with Weight Gain in Follow-up, and Mean 
Numbers of Kilograms Gained or Lost. 





Operated On Not Operated On 

History of weight 

loss 23 of 30 (77%) 31/38 (82%) 
Gained weight at 

follow-up 26 of 30 (87%) 5/38 (13%)* 
Mean weight 

gain at follow- 

up (range) 4.2 kg (1.4-12.7) 0.495 kg (—3.6-2.7)* 
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anol use is nearly the same for all patients and for the 
subset of patients classified as having mild/moderate CP 
(Table 5). 

Serum amylase was elevated in 37 of 85 patients 
(44%) and lipase in 51 of 85 patients (60%): the eleva- 
tions were distributed proportionately between the pa- 
tients who were operated on and those who were not. 
Elevation of alkaline phosphatase occurred in 29% of 
patients, primarily in patients operated on who had dis- 
tal common bile duct stenosis. Calcification of the pan- 
creas was seen in 32 of 41 (78%) of patients operated on 
and in 29 of 44 (66%) patients not operated on, and was 
uniformly distributed between those with mild/moder- _ 
ate and severe CP. 

Disabling abdominal pain was present in all patients 
who were operated on, but in only 64% (28 of 44) of 
patients not operated on (Table 6). After operation, re- 
lief of pain was achieved in 38 of 41 patients (93%). 
Longer follow-up is required for establishing accurate 
information regarding pain relief. No patient not oper- 
ated on experienced spontaneous relief of pain. 

Weight loss (more than 4.5 kg over 6 months) was 
distributed similarly between the two groups 77% of 
those operated on and 82% of those not operated on. 
Weight gain after operation was observed in 87% of pa- 
tients. The mean weight gain among the 26 patients who 
did gain was 4.2 kg (range 1.4-12.7 kg) (Table 7). The 24 
postoperative ERCPs documented patency of the pan- 
creaticojejunal anastomosis in each. 

Steatorrhea and a previous diagnosis of insulin-de- 
pendent diabetes mellitus was comparably distributed 
between the two groups and was limited almost exclu- 
sively to patients classified as severe. A subset of patients 
with diabetes mellitus in the mild/moderate group was 
identified and has been studied.'? An abnormal OGTT 
was a more common finding, of course, than was insulin 
dependence, and was also proportionately distributed, 
in 32 of 44 patients not operated on (73%) and 29 of 41 
patients operated on (71%). 


Release of PP 


Enhanced release of PP after fat ingestion was noted 
in 22 of 51 patients who were graded as having mild/ 
moderate CP. No patients graded as having severe CP 
had enhanced PP, and all other mild/moderate patients 
released PP in a manner indistinguishable from normal 
volunteers. Depressed PP release was seen in 26 of 34 
initially severe patients. None of the patients with mild/ 
moderate CP had low PP. 


Discussion 


Loss of pancreatic function appears to be progressive 
in patients who are in the early stages of CP. We have 
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shown that operative decompression in patients with 
mild/moderate CP arrests, but does not reverse this pro- 
gressive loss of function. The modified Puestow proce- 
dure!® has been used to relieve the chronic abdominal 
pain associated with CP. Previous studies report success- 
ful relief of pain in 60-90% of patients.** 

Chronic pancreatitis has been difficult to evaluate in a 
systematic fashion. Until recently, no stratification of 
patients with CP on the basis of severity of dysfunction 
has been available. We have developed a method for 
grading CP according to its severity,'* and in the present 
study, have applied this method to a group of CP pa- 
tients who were treated either by operation or by medi- 
cal management (Table 2). 

Ammann and colleagues! evaluated 245 patients with 
CP over a 20-year period and found that pain was gradu- 
ally and spontaneously relieved as the disease pro- 
gressed. In their experience, operation appeared to have 
little effect on this outcome. Because relief of pain is the 
primary indication for operating upon patients with CP, 
this study raised serious questions about the appropri- 
ateness of operation for CP. Efforts to define a func- 
tional benefit from operation for CP have not clarified 
the dilemma over appropriate operative indica- 
tions.*>*!° In the studies cited, functional status was not 
improved after operation, and no controls (those not 
operated on) were studied. Spontaneous improvement 
of pancreatic function in isolated cases has been re- 
ported and is unexplained.'”''? 

Our present finding that operation failed to improve 
pancreatic function is consistent with previous re- 
ports.*>?"'! Our most important finding is that the rate 
of progressive functional impairment is significantly de- 
layed by operation (Table 4). This finding suggests that 
any patient with CP with a dilated main pancreatic duct 
should be considered for operation. Of particular inter- 
est as operative candidates are CP patients with intact 
pancreatic function, since function deteriorates with 
time. Weight loss in CP patients is a recognized side 
effect of chronic pain, malabsorption and chronic dis- 
ease.>* We have found a significant weight gain in those 
of our patients operated on, probably as a result of abo- 
lition of postprandial pain. Postoperative weight gain in 
the patients with mild/moderate CP suggests that pan- 
creatic malabsorption is not the primary source of their 
weight loss. This operative benefit supports a liberal pol- 
icy of pancreatic duct decompression. 

Our patients were not randomly assigned to opera- 
tion. Patients with small, nondilated MPD were not 
considered candidates for modified Puestow procedure. 
An additional 18 patients had large MPD, although their 
abdominal pain was not disabling. On the basis of our 
findings, this group would be more readily advised to 
have an operation. Seven additional patients refused 
operation and two patients had cirrhosis (Table 1). 

The two most commonly recognized bad prognostic 
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signs of CP have traditionally been continued ethanol 
abuse and glandular calcification. Continued ethanol 
abuse has been implicated as a factor contributing to 
accelerated functional impairment.”’ In our patients 
with mild/moderate CP, 58% of those operated on and 
45% of those not operated on had a history of alcohol 
abuse before initial evaluation. Sixty-three percent of 
those operated on and 41% of those not operated on 
were still drinking at follow-up. The alcohol ingestion 
varied widely in specific amount and in length of time 
but exceeded 5 years in all patients and was character- 
ized as excessive. Continued ethanol abuse alone does 
not explain the progressive functional deficits we have 
observed in the patients not operated on, since opera- 
tion halted deterioration. 

Every CP patient who is a candidate for operation 
should be evaluated for evidence of biliary stenosis 
caused by entrapment of the distal common bile duct in 
the fibrosed pancreatic head.’?'~** Fifteen of the 41 pa- 
tients operated on (35%) had common bile duct stenosis, 
associated with alkaline phosphatase elevation; this fre- 
quency is within those previously reported.**-*° The 
overall incidence among patients operated on and not 
operated on was 18%. 

Insulin-glucose hemostasis is commonly disturbed in 
CP. The prevalence of insulin-dependent diabetes mel- 
litus (20%) in this group, is consistent with most re- 
ports, and was about equal in patients operated on 
and those not operated on. An abnormal OGTT was far 
more common, of course, than insulin-dependent dia- 
betes mellitus, but again, it was uniformly distributed 
among patients operated on (71%) and those not oper- 
ated on (73%). 

Release of PP after fat is depressed after experimen- 
tally induced pancreatic fibrosis in the dog”® and in pa- 
tients with CP.” Pancreatic exocrine deficits have been 
shown to correlate directly with the failure of PP to rise 
after a meal stimulation in humans.” Recently, we have 
found that release of PP is a more reliable indicator of 
advanced CP than is glucose-stimulated release of in- 
sulin.’ 

The indication for operation in CP is unrelenting 
pain. The fact that spontaneous relief of pain might be 
anticipated had raised doubts concerning the appropri- 
ateness of operation.’ Some sentiment has favored the 
use of operation only in the late stages of CP. Our find- 
ings support an alternative policy of early operation in 
CP patients with less severe pain, in whom a good func- 
tional state may be preserved. The additional benefit of 
arresting weight loss and inducing weight gain, which we 
have demonstrated in 87% of operated patients, further 
supports liberalizing the indications for operation in CP. 
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DISCUSSION 


DR. CHARLES F. FREY (Sacramento, California): Dr. Nealon and his 
colleagues have observed the natural rate of impairment of pancreatic 
exocrine and endocrine function in chronic pancreatitis to be signifi- 
cantly delayed by pancreaticojejunostomy as compared with a nonop- 
erated group. This observation, if confirmed, is of fundamental im- 
portance, and could alter our operative indications in patients with 
chronic pancreatitis. 

Pain or complications of chronic pancreatitis have been the chief 
indications for operative intervention, not prevention of exocrine and 
endocrine function deterioration. 

This paper challenges a long-held assumption and provides a ratio- 
nale for early operative intervention in patients with chronic pancreati- 
tis who have dilated pancreatic duct, even when pain is not severe, to 
preserve exocrine and endocrine function. 

There are many questions I would like clarified about the data on 
which the authors’ conclusions were based. 

Were these two groups of patients comparable? We know they were 
not comparable with regard to pain, and if I understand correctly, 
about half the patients, 17 (in the nonoperative group) had small main 
pancreatic ducts. These are patients who would not be expected to 
benefit from longitudinal pancreaticojejunostomy and may have a 
different rate of deterioration of endocrine and exocrine function than 
patients with large ducts. 

How did the authors’ observations fit with the reports which esti- 
mate that after longitudinal pancreaticojejunostomy, 10-20% of pa- 
tients will over time develop progressively more severe exocrine or 
endocrine insufficiency. 
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Were the authors confident they did not measure exocrine and en- 
docrine function too soon after an exacerbation of chronic pancreatitis 
in the nonoperated group? The pancreatic literature is replete with 
evidence that about one third of patients after an exacerbation of 
pancreatitis will show evidence of severe impairment of exocrine and 
endocrine function as long as 45 days after an acute attack. 

Could the authors tell us how they interpreted the ERCP data re- 
garding the diseased major pancreatic duct in the operated group of 
patients where contrast spills into the Roux-en-Y limb after injection 
on ERCP? Also, could the authors tell us why they chose oral glucose 
tolerance test rather than a glucagon C peptide test favored by many 
endocrinologists? 

Did the authors have any data as to whether exocrine and endocrine 
function stabilized after other operations on the pancreas such as pan- 
creaticoduodenectomy or some of the newer duodenal preserving pro- 
cedures? 

Finally, the authors are to be complimented on the thoroughness 
with which they studied this large group of patients and for the hard 
work it must have entailed as well as their development of a grading 
system by which we can quantify changes in pancreatic structure and 
function. The authors also deserve our congratulations for presenting a 
paper so well done, so well presented, and of such fundamental im- 
portance. 


DR. ANDREW L. WARSHAW (Boston, Massachusetts): I join Dr. Frey 
in congratulating the authors on presenting an extremely important 
paper. I have some reservations about their conclusions, but they raise 
three important challenges to concepts that are widely held by gastro- 
enterologists in particular. 
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The first of these is that pain relief in chronic pancreatitis comes 
when the gland fails; that exocrine failure explains the eventual relief of 
pain and that exocrine and endocrine insufficiency, often accompa- 
nied by calcification, are necessary for that phenomenon. These same 
gastroenterologists would hold that surgery in chronic pancreatitis 
produces either a temporary placebo effect for its pain relief or it 
actually hastens the burning out of the function of the gland and 
therefore produces the pain relief. 

The authors have clearly shown that their excellent pain relief results 
during this period are unrelated to exocrine function or failure. 

The second cherished belief that they have challenged is that chronic 
pancreatitis is a progressive disease, that once it begins, no matter what 
its cause or even if the cause, such as alcohol, is removed, that the 
disease will continue to destroy the pancreas. Our own results have 
supported that concept, and in our patients after either a pancreatic 
drainage procedure such as the modified Peustow or a resection, we 
have seen progressive pancreatic exocrine and endocrine insufficiency 
over the years. 

This report does not show absence of progression but only some 
progression. Three of their 19 patients in fact were found to have 
become insufficient within 14 months. That is between the 15% stated 
by Dr. Frey and the 30% we have found. Also, the question of whether 
14 months is too soon to make this evaluation is a real concern. We 
will be interested in seeing what happens with further follow-up in 
longer periods. 

The third cherished concept that they challenge is one that Henri 
Sarles in particular has propounded: that chronic pancreatitis is pri- 
marily a disease of the small ducts, that its pathogenesis is related to the 
precipitation of protein plugs in the small ducts and not to a primary 
hypertensive condition in the large main ducts. 

The authors have effectively added to the evidence that in some 
patients elevated large duct pressures may be the cause of disease 
progression and that relieving the elevated pressure may interrupt that 
progression. That is a comforting thought for surgeons who perform 
this operation. 

In addition to the problem of short follow-up, I have two problems 
with the data that I would like to ask the authors to address. First, they 
made the point that the patients who were operated on gained weight 
compared with the patients who were not operated on in their control 
series. I believe this is probably an unfair parameter because pain is an 
important deterrent to eating, and the patient who becomes pain free 
eats better and is more likely to gain weight on that basis alone. Also, 
they have not given us any details about enzyme cotherapy along with 
their other methods of treatment. 

Second, I would like to emphasize the point that they may be dealing 
with two different diseases in their control and patient populations. A 
high percentage of their control population had the so-called small- 
duct form of pancreatitis, where the operative group was clearly se- 
lected totally from the large-duct variant. 

In our experience these appear to be almost two different diseases. 
For example, we see bile duct obstruction, duodenal obstruction, and 
almost all of the venous obstruction concomitant with only the large- 
duct form of the disease. Also, others have noted a difference in natural 
history and tendency to progress between alcoholic and nonalcoholic 
pancreatitis and between calcific and noncalcific pancreatitis. I am not 
sure we have been shown enough data to know whether their control 
group is a valid marker for comparison with their experimental group. 

Nonetheless, the study is an attempt to apply objective criteria and 
there are some very nice observations. I will await with great interest 
their next report and hope that they are right. 


DR. ROBERT ZEPPA (Miami, Florida): I thank the authors for a very 
provocative study and thank them especially for bringing this uncom- 
mon but obviously important observation before us; that is, the pan- 
creas may be caused to reduce its rate of self-destruction once chronic 
pancreatitis has set in. 

I remember hearing Mike Bowers reporting excellent results in pa- 
tients with chronic pancreatitis when normal common ducts were 
bypassed to the jejunum, and Merlin DuVal describing drainage of the 
pancreas through the pancreatic tail whether or not the ducts were 
enlarged. Most of these procedures are not used any more. 
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I believe that there is no question, as Dr. Warshaw has pointed out, 
that there are two classes of patients, those with large duct disease and 
those with small duct disease. 

We have been observing 149 patients who were operated on at our 
institution between 1977 and 1982. Only five patients had ducts that 
were 8 mm or larger in diameter. The others were all tree-in-winter- 
type ducts, and I do not understand why there should be such a differ- 
ent incidence of this particular problem. 

I believe the authors are to be commended for this admirable and 
intelligent attempt at rating the severity of chronic pancreatitis. This is 
one of the important aspects of this paper. 

The nonsurgical group as presented was most interesting to me. 
Remember that there were four reasons for not having surgery. There 
were nondilated ducts in 17 pateints and dilated ducts in 18 patients. 
However, these patients did not have sufficient pain to qualify for 
surgery. I am not sure exactly how the authors made that differentia- 
tion, but nonetheless, this is in the text. There were seven patients who 
refused surgery and two patients with cirrhosis. 

In the follow-up of the 24 of the 44 patients who did not undergo 
surgery, it seems to me to be important to know how many of them 
have small-duct disease and how many have large-duct disease. This 
was alluded to by Dr. Warshaw. This is with respect to progression of 
disease. Do the authors have these data? 

The authors have followed the precepts of Lord Kelvin in providing 
numbers to heretofore subjective descriptions; that is, concerning the 
severity of chronic pancreatitis. With this powerful tool, the time seems 
right for a randomized trial with appropriate stratification in an at- 
tempt to eliminate the placebo effect that has already been alluded to 
in other discussions. 


DR. EDWARD L. BRADLEY III (Atlanta, Georgia): I rise to congratu- 
late the essayists on yet another example from the Galveston group of 
the application of physiology to clinical surgery. 

The point that I want to discuss is concerned with the current at- 
tempt to provide a classification system for the severity of chronic 
pancreatitis, a stratification system in some ways analogous to the 
clinical classification of acute pancreatitis proposed by Ranson and 
Spencer. Although there is little doubt that such a system would be 
equally beneficial for patients with chronic pancreatitis, I am not cer- 
tain that the one Dr. Nealon described to us today will prove to be 
useful in this regard. 

Because our group and other pancreatic groups around the country 
have repeatedly failed to show any change in pancreatic exocrine or 
endocrine function after longitudinal pancreaticojejunostomy, the 
data presented today might lend to markedly liberalized indications for 
this procedure. However, these data must stand or fall on the validity 
of the proposed classification system, and that is the point I wish to 
address. 

Of the five different components of the proposed classification sys- 
tem, three (oral glucose tolerance, fecal fat, and bentiromide) have 
been notoriously inaccurate in diagnosing mild to moderate pancreati- 
tis. Increases in fecal fat and reductions in insulin levels require an 
almost 80% loss of the gland before abnormalities are detected. Overall 
accuracy for the bentiromide test has ranged from 40 to 60%. Further- 
more, to my knowledge, no one has validated ERCP in relation to 
severity of involvement with chronic pancreatitis, nor have levels of 
pancreatic polypeptide been independently correlated with the degree 
of damage. 

Can five relatively insensitive and nonvalidated tests add up to one 
reliable test? It is difficult to accept the cumulative wisdom of individ- 
ual unreliability. 

We look forward to future studies from the Galveston group in this 
particular area. My question is: did you attempt to validate your classi- 
fication system on the basis of the resected pieces of pancreas at sur- 
gery? To put it another way, do you have histologic verification for 
your classification system? 


DR. HOWARD A. REBER (Los Angeles, California): In a patient who 
has had a Puestow operation, characteristically the quality of an ERCP 
that is obtained is poor. This is because the contrast material flows 
right into the bowel and the delineation of the ductal anatomy is 
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unclear. Do you have some tricks for obtaining better results than most 
others are able to get? 

The second question relates to the clinical state of the patients when 
they were tested. You told us that most of them gained weight, and that 
most of them had pain relief, but because several of the parameters that 
you looked at had to do with endocrine function, could you tell us 
whether these patients were diabetic? If they were, how much insulin 
did they require? 

The third question has to do with whether or not you found neuro- 
tensin to have any prognostic significance and why it was not included 
as one of the substances that were determined. 

We know that although in the majority of patients after a Puestow 
operation pain relief is attained early on, in 5 years probably half the 
patients have a recurrence of pain. I wonder what will happen with 
time to the functional parameters that you measured. Will they also 
deteriorate? I urge, as others have, that you continue to observe these 
patients. 

I ask whether you have subjected any of the data to statistical analy- 
sis. One wonders whether there are truly significant differences be- 
tween some of these groups. 


DR. DAVID L. NAHRWOLD (Chicago, Illinois): I add my congratula- 
tions and have just two questions. 

One of the benefits of this investigation is that the authors have 
begun a longitudinal study of the natural history of chronic pancreati- 
tis in patients not having surgery. 

Did you see any patients who converted from having small-duct 
disease to large-duct disease? If not, perhaps these are two different 
diseases. In those patients who were not operated on and who became 
worse, what seemed to get worse? Was it their endocrine function or 
their exocrine function? 


Dr. WILLIAM H. NEALON (Closing discussion). I thank all the dis- 
cussants for their kind comments and interesting and stimulating ques- 
tions. 

Dr. Frey and several of the discussants asked about how comparable 
are the groups. We go to some length in the manuscript to explain that 
we recognize very well that the size of the duct accounts for a differ- 
ence, and that not all of the patients who were not operated on experi- 
enced pain, whereas 100% of the patients who were operated on did 
experience pain. 

I have been asked to give the number of patients with mild to 
moderate chronic pancreatitis who progressed to severe disease. 
Twenty-four patients originally had mild to moderate chronic pancre- 
atitis, with 17 progressing to severe disease. Seven of those 24 patients 
had small ductal disease. Four of those seven progressed, and three did 
not. The remaining ten patients with small duct disease had severe 
pancreatitis at the time of the initial evaluation and at follow-up. 

We can do no more than admit that this is one difference between 
these two groups, and therefore they are not absolutely matched. How- 
ever, Our grading system suggests that this is not too meaningful. 

The question of how long we have followed these patients is perti- 
nent, and I believe that there is some conflicting evidence in the litera- 
ture. For example, what takes place over time? Our observation is 
meant to say no more than that, in this follow-up period, we have seen 
this difference. To be honest, I doubt very seriously that we have totally 
cured any given gland to the point that it cannot undergo any further 
deficit; rather, I would anticipate that the most that we have done is 
delayed the course of this ongoing deficit. I would not expect that we 
are going to find out at 5 years that none of these glands have sustained 
any further deficit. In fact, I am certain they would not, therefore, to 
answer the question of whether we have perhaps studied them too 
soon, I think it is clear that if you wait long enough, all of these glands 
will look alike. We studied them at a period where a difference was 
apparent. We will hope to evaluate whether this difference pertains to a 
longer period of time. 

I have been asked whether these patients were ill during the time that 
they were re-evaluated. We have very strict criteria requiring that these 
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patients should be totally well, and any evidence of their being in the 
midst of an exacerbation was reason, strictly adhered to, for cancelling 
their CRC visits. 

As far as the ERCP changes in the patients who were postoperative 
are concerned, we had not presumed that the duct gets better by itself, 
and I am aware of only one small group of patients in the literature 
suggesting such a change. All of the patients operated on were rated as 
having advanced changes by being operative candidates, and we pre- 
sume that their grade-point did not change. We did perform the ERCP 
in postoperative patients, essentially to examine the patency of the 
pancreaticojejunostomy. It was patent in all 24 patients in whom we 
performed ERCP, but we presume that that one grade point had not 
changed from being already worthy of one point at the initial time. 

Dr. Frey asked a question concerning the effect of any other opera- 
tion on function. We do not have any data for that. 

As regards the comments of Dr. Warshaw, I agree that the belief 
among gastroenterologists is that relief of pain should either be equated 
with loss of function, and that operation should only be considered at 
the time that the function is essentially gone. This is one belief that we 
hope to challenge with our data. 

I am aware of your studies, Dr. Warshaw, in the progression of 
disease. The only difference we noted is that we examined a relatively 
larger group of patients and have also examined patients who had not 
been operated on. 

There is no question that we see a percentage of patients who do lose 
function after operation; we are by no means saying that the Puestow 
procedure prevents functional deficit, but only that by comparing it to 
nonoperated patients, there appears to be a difference. 

Dr. Warshaw, what you have pointed out regarding the short fol- 
low-up again is true. But again, I believe that the duration of follow-up 
allows for an adequate observation, and we are not trying to imply that 
we have achieved a complete cure of any process in the gland. 

As you mentioned, elevated pressures have been reported from a 
fairly large study from Japan, and there do seem to be elevated pres- 
sures in the glands in patients who require this operation. 

We have made no observations related to the pressures in these 
glands. 

We presume that weight gain is related to the pain, but I believe that 
it is no less an achievement that patients with pain improve in their 
nutritional status after operation. 

Dr. Zeppa, approximately one third of chronic pancreatitis patients 
typically have small ducts. Our proportion was 22% with small ducts. 
The rate of occurrence of this variant has been broadly distributed in 
collected series. 

Dr. Zeppa mentioned the split: I believe that, according to most 
reports, approximately one third of patients typically have small ducts. 
Our was in the lower 20 percentile, but generally it is relatively broadly 
spread. The average number of patients having small ducts was per- 
haps relatively low. I have no explanation for that; these are simply the 
data that we have obtained. 

Dr. Zeppa’s suggestion that the patients should be randomized is 
very appealing to us. We are more inclined to consider randomizing 
those patients with large ducts and relatively less severe pain—those 
that we do not operate on. 

Dr. Bradley asked some questions about the grading system. In the 
majority of the literature on chronic pancreatitis a single test has for 
some reason always been picked in order to show that the specificity 
and sensitivity of that particular test far exceeded any other measure. 

We believe that using a single test is a mistake, which is why we 
initially used some multivariate analyses to choose the five factors that 
we have discussed. 

I believe that I would have to differ with Dr. Bradley on the criti- 
cisms that he has raised regarding the oral glucose tolerance test. An 
abnormal glucose response to an oral glucose tolerance test is ex- 
tremely common and does not occur only at the time of 70-80% loss of 
gland. In fact, there are several patients with an abnormal oral glucose 
tolerance test who are not insulin-dependent. 

The fecal fat test is quite specific to advanced disease; you are right 
about that, Dr. Bradley. In addition, there have been extensive studies, 
including an excellent study from Owyang, that examine the effect of 
correlating pancreatic polypeptide (PP) with the extent of disease, and 
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show that, a depressed or a flat response from PP to cholecystokinin 
does, in fact, correlate perfectly with advanced disease. 

We have observed this abnormality in patients with advanced dis- 
ease only, and this is consistent with the Owyang study as well as 
numerous other studies. 

The bentiromide para-amino benzoic acid (PABA) test has been 
criticized primarily for its inability to differentiate pancreatic malab- 
sorption from intestinal malabsorption. For this reason, we have used 
the Dexylose test with the PABA test, enabling us to differentiate 
intestinal malabsorption from pancreatic malabsorption at all times. It 
has been established in the literature that combining the two signifi- 
cantly increases the reliability of the test in question. 

As I have mentioned, ERCP has been studied extensively for its 
correlation with function, and although it is well known that it corre- 
lates relatively poorly, it is known that advanced stages, in fact, occur 
in patients with advanced disease. We have made a comparable find- 
ing, in that there have been some fairly advanced changes upon per- 
forming ERCP on patients who experience otherwise relatively negligi- 
ble loss of function. We have made no correlation with histology. 

Dr. Reber asked about ERCP as regards the postoperative patients 
whom I have mentioned. 

Of the patients who were insulin-dependent, there were an addi- 
tional five patients who progressed from mild to moderate disease, and 
subsequently, to severe disease. Of these, one underwent operation, the 
others did not undergo operation. 

Of the patients who were insulin-dependent, insulin-dependence 
was their earliest form of deficit. These patients maintained insulin 
deficiency and insulin-dependence throughout their secondary study. 

I have been asked about the role that neurotensin plays. Although we 
had greater hopes for our study, what we found as the study continued 
was, in fact, that neurotensin levels tended to scatter. 
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In addition, at the American Pancreatic Association meetings that 
were held during November of last year, two reports from Europe were 
presented that claimed that elevated neurotensin levels in patients with 
chronic pancreatitis had been found. 

It was my opinion that perhaps those studies reflected patients, who 
had malabsorption and diarrhea. I would also question whether neuro- 
tensin does not respond to hypermotility and diarrhea states. 

I have been asked whether pain recurrences might be seen during the 
course of 5 years. There are data that suggest that people who have 
undergone operations have recurrence of pain after 5 years. 

It is interesting to try to correlate these data with that of Amon and 
his group from Zurich, who found during a longitudinal study that 
pain relief occurred spontaneously in a high number of patients, in- 
cluding both those who underwent operations and those who did not. 

In interpreting all of the different reports, it is sometimes difficult to 
make judgements regarding the natural course and progressive func- 
tional loss associated with chronic pancreatitis. As I say, we are making 
no further claim than simply that during our period of follow-up, the 
observations that we have discussed have been made. We by no means 
want to suggest that we have completely eliminated the process of 
progressive loss of function. 

In response to Dr. Nahrwold’s question about the small and large 
ducts: we saw no ducts that were small at initial ERCP become sud- 
denly dilated thereafter. Although there minor changes in size were 
observed, all patients were still characterized as having small duct 
disease at the follow-up ERCP. 

The mix of progressive loss of function for endocrine and exocrine 
was approximately equal. There was no predominance of endocrine or 
exocrine dysfunction over time. 
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In 1985, two policies designed to reduce hospitalization 
charges for mastectomy patients were instituted at the M.D. 
Anderson Cancer Center at Houston. The first was a policy of 
“same-day” admissions for elective surgery patients, and the 
second was early postoperative discharge for mastectomy pa- 
tients with suction catheter drains in place. The economic sav- 
ings resulting from these policies was analyzed by comparing 
demographics, operation, stage of disease, hospital stay, hospi- 
tal charges, and complications for two groups of patients. 
Fifty-nine consecutive mastectomy patients treated between 
1983 and 1984, before these policy changes, had “standard 
management” consisting of hospital admission 24 hours before 
surgery and discharge only after the surgical drains were re- 
moved. Sixty-one consecutive mastectomy patients treated be- 
tween 1986 and 1987, after these policy changes went into 
effect, were admitted from the recovery room after surgery and 
were discharged with drainage catheters in place, usually 
within 72 hours. All operations were performed by the same 
faculty surgeon as a representative experience of the General 
Surgery faculty. The average hospital stay was reduced from 
10.5 to 4.3 days. A mean 39% reduction in hospital charges 
(from $4867.00 to $2981.00) was achieved by instituting the 
policies of “same-day” admission and early postoperative dis- 
charge with drainage catheters in place. Complication rates 
were not changed. Implementation of this policy resulted in an 
estimated savings of $750,000.00 in the hospital care of ap- 
proximately 400 patients treated at the M.D. Anderson Cancer 
Center at Houston each year. Adjustments in patient care de- 
livery systems from a predominantly inpatient to an outpatient 
setting required changes in outpatient nursing responsibilities 
(although not in new personnel). Patient education and written 
instructions for home care of surgical wounds and drainage 
catheters were essential for implementing an early discharge 
policy. With these facts in mind, hospital admission on the day 
of operation and early postoperative discharge with drainage 
catheters in place should be the goal for most mastectomy 
patients. 


Presented at the 108th Annual Meeting of the American Surgical 
Association, San Francisco, California, May 2-4, 1988. 

Reprint requests and correspondence: Charles M. Balch, M.D., UT 
M.D. Anderson Hospital and Tumor Institute, 1515 Holcombe Blvd., 
Box 112, Houston, TX 77030. 

Submitted for publication: May 5, 1988. 


From the Department of General Surgery, Division of 
Surgery at the University of Texas System Cancer Center, 
M.D. Anderson Hospital and Tumor Institute, 1515 Holcombe 
Boulevard, Houston, Texas 


tal costs) have placed a burden on patients, insur- 

ance carriers, the government, and employers. The 
surgical community has intensified its efforts to reduce 
hospital charges, and insurance carriers have imple- 
mented financial inducements to reduce both the cost 
and duration of hospitalization. During the years 
1983-1986, for example, the length of hospital stay na- 
tionally for mastectomy patients was reduced from 8.8 
to 5.5 days.* Although these changes from inpatient to 
outpatient care are an important step in reducing hospi- 
tal charges, such policies should not compromise the 
quality and outcome of surgical care. 

In 1985, the Department of General Surgery at the 
University of Texas M.D. Anderson Hospital Cancer 
Center at Houston instituted two changes in the periop- 
erative management of patients undergoing major 
breast surgery: “same-day” admission and early dis- 
charge with drains in place. Prior to 1985, patients un- 
dergoing total or segmental mastectomy (each with axil- 
lary lymph node dissection) had “standard manage- 
ment” consisting of hospital admission the day before 
operation for preoperative screening tests and anesthesia 
consultation. After surgery, wound suction catheters 
were removed when drainage decreased to 40 ml over a 
24-hour period or after 12-14 days, whichever came 
first. Patients generally were not discharged with drain- 
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age catheters in place. Since September 1985, mastec- 
tomy patients have been admitted to the hospital on the 
day of surgery (‘“‘same-day” admission) and discharged 
early, with drains in place. These policies to reduce hos- 
pital stay were implemented so that most elective sur- 
gery patients received their entire preoperative evalua- 
tion and anesthesia consultation as outpatients, and 
they were admitted to a hospital bed from the recovery 
room after surgery. Early discharge was encouraged as 
soon as the patients began eating, were ambulatory, had 
adequate pain control, and had no special nursing care 
requirements. Patients were carefully instructed by sur- 
geons and nurses about proper catheter drain care and 
wound management so that they could be discharged 
with drains in place. Written instructions were given, 
including a 24-hour telephone number if assistance was 
needed. Not all patients were able to use this approach, 
generally because of logistical, language, or educational 
reasons. At home, patients recorded the amount of 
wound drainage. Whenever the catheter drainage de- 
creased to 40 ml or less over a 24-hour period, the pa- 
tients came to the outpatient clinic to have their drains 
removed. 


Patients and Methods 


The hospital records of 120 patients who had major 
breast surgery by the same surgeon were retrospectively 
reviewed. Two time periods were selected. The first was 
an 18-month period (during 1983-1984) during which 
mastectomy patients received “‘standard management.” 
The second was an 18-month period (during 
1986-1987) during which patients were managed by 
“reduced hospital stay,” as outlined above. By compar- 
ing two groups of patients treated by the same surgeon 
(F.C.A.) and using actual cost data, we could examine 
the economic impact of reduced hospital stay and the 
incidence of complications. Patients managed in 1985 
were excluded from the analysis because this was a tran- 
sition period when “same-day” admission and early dis- 
charge policies were still in the process of being imple- 
mented. 

The operative technique was the same throughout 
both time periods. The skin incision was made with the 
scalpel into the deep dermis. Skin flaps were raised using 
electrocautery. Meticulous hemostasis was maintained 
throughout the procedure. A total mastectomy included 
the pectoralis major fascia. The extent of axillary dissec- 
tion was determined by the clinical stage of the patient. 
Patients with clinical Stage I or II breast cancer received 
a standard modified radical mastectomy or segmental 
mastectomy. For those undergoing modified radical 
mastectomy, a total mastectomy and complete axillary 
dissection (Level I, II, and III nodes) was performed. 
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Using cautery, lymphatic tissue anterior and inferior to 
the axillary vein was dissected, and the branches were 
ligated with 4-0 silk. The long thoracic nerve and thora- 
codorsal neurovascular bundle were isolated and pre- 
served. Patients who were candidates for breast conser- 
vation surgery and radiation had a segmental mastec- 
tomy. The tumor was excised with a l-cm margin of 
normal breast tissue. An axillary dissection was per- 
formed through a separate axillary incision. 

Patients with advanced lesions (Stage III and IV) had 
a total mastectomy with lateral axillary dissection if 
their upper axillary nodes were not enlarged. The lateral 
axillary dissection was defined by removal of all lym- 
phatic contents from the lateral border of the pectoralis 
minor to the anterior surface of the latissimus dorsi 
below the axillary vein. 

Two quarter-inch closed suction catheters were used 
after total mastectomy. These were placed through sepa- 
rate stab incisions at the base of the inferior skin flap and 
connected to suction. One drain evacuated the axilla; 
the other drained the chest wall. Patients undergoing 
segmental mastectomy had a single axillary catheter 
(however, no drains were used in the breast paren- 
chyma). The subcutaneous tissue was closed with 3-0 
suture, and the skin was approximated with staples. 
After surgery, a portable closed-container suction device 
was used that did not hinder ambulation. Prophylactic 
antibiotics were not used. After discharge, both groups 
of patients were managed in essentially the same man- 
ner during the two time periods, except that patients of 
the latter group cared for their wound drainage at home. 

Demographic data that were analyzed included age, 
sex, and clinical stage of the disease. Information relat- 
ing to the operation included the length of procedure, 
estimated blood loss, number of drains, and type of 
operation. Information regarding hospital stay included 
admission date, surgery date, discharge date, and the 
number of days the drainage catheters remained in 
place. Complications that were analyzed included ser- 
oma, wound necrosis, postoperative hematoma, and in- 
fection. A seroma is defined as any fluid collection re- 
quiring aspiration from the axilla or chest wall. Wound 
necrosis is defined as any skin loss requiring therapeutic 
intervention (i.e., administration of topical antibiotics, 
debridement, or dressing changes). Wound infection is 
defined as clinical signs of infection requiring antimi- 
crobial therapy. Also identified were patients who had 
prolonged hospital stay or delay in starting adjuvant 
treatment. Reasons for prolonged hospital stay were tab- 
ulated separately. 

Total hospital charges, excluding professional fees, 
were obtained through the hospital Credit and Collec- 
tions Office. The hospital charges of 1983-1984 were 
adjusted upwards by 12% to account for actual increases 
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FIG. 1. Distribution of clinical stage for mastectomy patients treated 
before and after reduced hospital stay was implemented. 


in charges that occurred by the 1986-1987 period so 
that they could be directly compared. Data was ana- 
lyzed, using D-Base III Plus on an IBM-PC.™ Statistical 
analysis was performed with SPSS-PC + .™ Significant 
difference between groups was tested, using the Mann- 
Whitney test. 

The following null hypotheses were tested: 1) there is 
no significant difference in duration hospital stay be- 
tween the 1983-1984 patients and the 1986-1987 pa- 
tients; 2) there is no significant difference in hospital 
cost between the 1983-1984 patients and the 
1986-1987 patients; and 3) there is no significant differ- 
ence in complications after mastectomy between “‘stan- 
dard management” patients and “reduced hospital 
stay” patients. 


Results 


The average age for patients of both groups was 54 
years. The clinical stage of disease was similar for both 
groups (Fig. 1). The proportion of Stage I patients (47%) 
in the standard management group was virtually the 
Same as in the reduced hospital stay group (44%). The 
distribution of various procedures among the two 
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FIG. 2. Distribution of patients in the two periods according to the type 
of mastectomy. 
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FIG. 3. Hospital stay for the two periods, comparing the entire group of 
patients and subgroups according to type of mastectomy. 


groups was similar, with the exception of an increase in 
breast conservation procedures in the later time period 
(Fig. 2). 

Hospital stay was decreased for all patients and for the 
subgroups undergoing total and segmental mastectomy 
(Fig. 3). Mean hospital stay was 10.5 days for the “‘stan- 
dard management” patients and 4.3 days for the “‘re- 
duced hospital stay” patients (p < 0.001). When the data 
was subgrouped according to the type of operation, 
“standard management” patients undergoing modified 
radical mastectomy had a mean hospital stay of 10.8 
days, whereas reduced hospital stay patients had a mean 
of 4.9 days (p < 0.001). For those patients having seg- 
mental mastectomy, the mean hospital stay was 8.0 days 
in the standard management group and 2.8 days in the 
reduced hospital stay group (p < 0.01). 

Early discharge was defined as discharge by the fourth 
postoperative day. However, we were unable to achieve 
either early discharge or “same-day” admission in one 
quarter of the patients. Of 61 patients of the 1986-1987 
group, 46 (75%) were admitted on the day of operation. 
Early discharge was likewise achieved in 46 (75%) pa- 
tients (Fig. 4). Prolonged hospital stay (>4 days) was due 
largely to underlying chronic illness, insufficient patient 
education, language barriers, or not having a care 
partner at home (Table 1). 

Hospital charges were obtained for all patients (Table 
2). The actual mean hospital charges for mastectomy 
patients treated during the 1983-1984 period was 
$4345.00. This was adjusted for a 12% increase in 
charges due to inflation to $4867.00 for comparison 
purposes. Average hospital charges for mastectomy pa- 
tients treated during 1986-1987 were $2981.00. Thus, a 
mean total savings of $1886.00 per patient was achieved 
through the policies of “same-day” admission and early 
postoperative discharge with drainage catheters in place. 

Complication rates were not significantly different be- 
tween groups (Fig. 5). For example, the incidence of 
seroma was 22% in the “standard management” group 
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50 TABLE 2. Cost Analysis of Hospital Charges 
for 120 Mastectomy Patients 

a 40 Median Charges ($) Mean Total 
E (Range) Charges ($) Charges ($) 
© 30 1983- (N = 59) 

= actual 3,752 (612-9,705) 4,345 256,373 
© adjusted” 4,202 (685-10,870) 4,867 287,138 
K 20 1986-87 (N = 61) 2,733t (659-1 1,029) 2,981t 181,856 

x Savings/patient 1,886} 

> 


10 





Fic. 4. Distribution of patients according to duration of postoperative 
stay for all 61 mastectomy patients treated during the 1986-1987 pe- 
riod. 


and 25% in the “reduced hospital stay” group. The 
combined incidence of complications including wound 
hematoma, necrosis, and infection was approximately 
13% in both groups. Infection rates were identical (3.4%) 
and were not adversely affected by early discharge. 

Adjuvant chemotherapy was given to 33 (55.9%) of 
the “standard management” patients, and 35 (57.4%) of 
the “reduced hospital stay” patients. Complications de- 
layed adjuvant treatment in only five patients of the 
“standard management” group and in four patients of 
the “reduced hospital stay” group. 


Discussion 


Our study of mastectomy patients is the first to deter- 
mine the relationship of hospital stay, charges, and inci- 
dence of complications by comparing similar groups of 
consecutive patients treated by the same surgeon. Every 
attempt was made to reduce confounding variables and 
achieved a more consistent and reproducible data set to 
accurately assess the economic impact of reducing hos- 
pital stay and charges. 

Other surgeons have also described early discharge 
after mastectomy.'~ Tarazi et al. analyzed 43 consecu- 
tive patients undergoing a variety of breast procedures 
by different surgeons and showed that hospital stay was 


TABLE 1. Reasons for Prolonged Postoperative Stay 
Cause % Patients 


Associated risk factors 
Inadequate patient education 
Associated procedures 
Bilateral mastectomy 
Postoperative hematoma 
Physician related 


Total 25 


A-VAD 


* Adjusted for 12% increase in hospital charges from the 1983-1984 
period to the 1986-1987 period. 

+ p < 0.001 when compared with 1983-1984 costs. 

t Savings for 400 mastectomy patients treated at the M.D. Anderson 
Hospital would total more than $750,000 each year. 


significantly decreased from 5.5 to 2.1 days.’ Cohen et 
al. described their experience with early discharge of 39 
patients undergoing modified radical mastectomy.” The 
patients were compared with another matched group of 
patients who were admitted and discharged in a stan- 
dard manner. The median hospital stay was reduced 
from 9 to 5 days. Orr et al. reported 73 procedures by 4 
different surgeons.’ Length of stay ranged from | to 9 
days, with a mean of 2.9 days. No comparison was made 
with a group of “standard management” patients. Lit- 
vak et al. prospectively studied 40 mastectomy patients.’ 
Twenty patients had early hospital discharge with out- 
patient follow-up by a nurse specialist to supervise man- 
agement of in-dwelling drains. These studies have 
clearly demonstrated that early discharge of the mastec- 
tomy patient is possible. Our study provides further evi- 
dence that a reduction in hospital stay can be achieved 
without an increase in complications and also shows the 
economic impact of such an approach. 

There were some patients in whom mitigating factors 
before or after surgery required a longer hospital stay (5 
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Seroma Hematoma Necrosis Infection 
FIG. 5. Complication rates for mastectomy patients treated during the 
two periods. There were no statistically significant increases (p > 0.15) 
in complications for patients treated under a policy of reduced hospital 
stay. 
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days or longer). Fifteen patients were admitted at least 
one day before operation, usually because of associated 
medical risk factors that required evaluation or moni- 
toring. It is also likely that some patients were admitted 
early, because the policy of same day admission was not 
used. 

Hospital discharge was delayed in 15 patients (25%). 
Reasons for prolonged stay included associated risk fac- 
tors, inadequate patient education, or language barriers 
in the majority of cases. No apparent reason for a pro- 
longed hospital stay, other than physician preference, 
could be determined for 6% patients. Our review dem- 
onstrates that, even though attention to the details of 
perioperative care can reduce hospital stay and costs, a 
significant number of patients will require a more pro- 
longed stay. After 2.5 years, surgeons at our institution 
have continued to reduce hospital stay for a larger per- 
centage of patients, as evidenced by a continued reduc- 
tion in mean hospital stay to 3.3 days for mastectomy 
patients during the 12-month period after the 
1986-1987 analysis (unpublished observation). 

Although a mean reduction in hospital charges of 
$1886.00 was achieved, it is important to emphasize 
that there was some cost shifting as the arena for patient 
care shifted from an inpatient to an outpatient setting. 
At our institution, these changes have not resulted in 
any increase in the number of outpatient nursing or 
administrative personnel, although there has been rede- 
ployment of nurses with inpatient care experience to 
outpatient care. 

The support systems necessary to implement these 
policies required reorganization of postoperative patient 
education procedures to enable the patient and the fam- 
ily to safely manage the drainage catheters at home. It is 
important to emphasize that patients were given written 
postoperative instructions and were discharged only 
when they required no special nursing care. Before sur- 
gery, the Surgical Scheduling Office assumed greater re- 
sponsibility for coordinating and tabulating all preoper- 
ative laboratory and x-ray tests and an anesthesia office 
was placed in the same suite for outpatient consultants 
and assessments. 

No other study has calculated exact hospital charges 
of their entire group of patients. With over 400 mastec- 
tomies performed each year at our institution, there is 
an estimated reduction in hospital charges of approxi- 
mately $750,000.00 ($1886.00/patient) each year. 
Cohen et al. estimated savings of $1200.00/patient and 
an annual national savings of over $60 million per year. 
Tarazi et al. estimated savings of $250.00/day and an 
annual savings of $100 million dollars. Approximately 
130,000 new cases of breast cancer are diagnosed each 
year in the United States. Reduction in hospital stay for 
these patients has been a source of tremendous savings. 
The Commission of Professional and Hospital Activi- 
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ties, sponsored by the American College of Surgeons, 
reported an average hospital stay of 8.8 days for patients 
treated with modified radical mastectomy in 1983. By 
1986, total hospital stay was reduced to 6.1 days. Al- 
though this represents significant savings, this occurred 
with only a proportion of patients admitted the day of 
surgery and discharged with drainage catheters in place. 
A “same-day” admission and early discharge policy 
therefore represents a potential source of further savings 
in these patients. 

While hospital stay and charges were significantly de- 
creased, this was not achieved at the expense of in- 
creased patient morbidity. Tarazi et al. reported a 28% 
seroma rate in their standard management group and a 
4.6% rate in the reduced hospital stay group.! In their 
series, both wound infection and necrosis rates were 
4.8% in the “standard management” group. There were 
no patients with wound infection or necrosis in the re- 
duced hospital stay group.” Orr reported a 20% seroma 
rate in his group of early-discharge patients and 2.7% 
infection and necrosis rates.? There were no “standard 
management” patients for comparison. These compli- 
cation rates and our results are consistent with the litera- 
ture.°-* Our study confirms that complication rates are 
not increased by these policies designed to reduce hospi- 
tal stay. Our review clearly demonstrates that attention 
to the details of perioperative care and outpatient evalu- 
ation, thorough patient and family instruction regarding 
wound and drain care, admission on the day of surgery, 
and discharge with drainage catheters in place result in 
significantly decreased hospital stay and total charges 
without increased morbidity. 
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DISCUSSION 


Dr. ROGER S. FOSTER, JR. (Burlington, Vermont): Guests: In 1946, 
one of the papers presented before this organization was on the pat- 
terns of use of hospital beds, and the subject was the change from 
prolonged postoperative bed rest to early ambulation. The discussant 
was Dr. John C. Burch and he recited the experience at the Brooke 
Army Hospital on early ambulation after abdominal surgery. 

I believe this paper shows we have come a long way in our utilization 
of hospital beds. 

(Slide) We also have been interested in reducing the length of hospi- 
talization of patients requiring surgical treatment of breast disease. 
Stimulated by this abstract we have reviewed the length of stay for 
mastectomy patients at the Medical Center Hospital in Vermont and 
have found lengths of stay that are somewhat similar to those of Dr. 
Balch and his colleagues. 

The slide shows that the mean length of stay in fiscal year 1987 was 
3.2 days for patients having partial (or segmental) mastectomy with 
axillary dissection and 4.3 days for those patients having total mastec- 
tomies, despite that all the patients were admitted | day before surgery. 

We in Vermont have been somewhat lethargic in developing a policy 
of day of surgery admission for primary breast cancer as we have only 
begun to do that in 1988. 

I have two questions. First, in your economic analysis, have you 
looked at cost rather than charges? Because the day of surgery is the 
most labor intensive day, this day must be much more costly than the 
preoperative day and the hospitalization days several days after opera- 
tion. Patient charges will probably not reflect this differential. 

Although I believe shorter hospitalization is better for our patients, 
day of surgery admission has the potential for limiting the educational 
experience for both our medical students and our house staff. Are there 
any special measures that you have taken to counteract this potential? 


Dr. LESLIE WISE (Hyde Park, New York): I would like to compli- 
ment Dr. Balch and co-workers on their study on cost containment for 
mastectomy patients and reducing their average hospital stay from 
10.5 days to 4.3 days. 

The same cost containment measures could be applied to patients 
with other diseases. 

You state that there are no extra nurses needed for the daily visits of 
these patients after operation. If there really is cost containment, I 
would like to know were you able to dismiss any nurses from the 
surgical units? 

If one looks at the first 5 years of Medicare experience with DRGs, 
from 1983 to 1987, it is clear that although at the patient level, or in 
other words, at the microeconomic level, there was a decrease in cost 
per patient by early discharges, at the macroeconomic policy level, or 
in other words, looking at the cost for all ambulatory surgery, there was 
no similar decrease in the overall hospital cost even if we allowed for an 
average 5% inflation rate. 

This is a complex problem, and I would like to hear your explana- 
tion. 

My last point is that we are aware of the serious nursing shortage in 
the United States. Certainly there is a nursing shortage in New York, 
and it is clear to me that with mastectomy patients, most of the nursing 
care is constituted during the first 2 days after operation, and for the 
next 5 days, the nursing care needed is negligible. By sending these 
patients home earlier, the average severity of illness is likely to increase 
with increased workload on the nurses, and I have certainly some 
concern on the effect of this on the morale of the nursing staff. 


Dr. ROBB H. RUTLEDGE (Fort Worth, Texas): Dr. Balch has just 
given us an excellent report on his methods of reducing hospital costs 
for mastectomy patients. 

I agree with him that early discharge with the drainage catheters in 
place will save hospital costs without increasing complications, and I 
do this almost exactly as he has described. You can also save another 
hospital day by using afternoon or evening dismissals rather than 
waiting until the next morning’s rounds. 

I also agree that same day surgery will reduce hospital costs, but here 
I believe that we lose a lot to gain a hospital day. I do not believe a 
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preoperative night is a luxury or a waste. Whether you are in a teaching 
hospital or in private practice, the preoperative night allows better 
personal care to be given to the patient and family by the surgeon, the 
anesthesiologist, and the nursing staff. 

I know that I have my patients’ problems in much better focus if I 
have checked them and visited with their families the night before 
surgery. 

I believe that you will have fewer mistakes, greater patient satisfac- 
tion, better rapport, and less likelihood of any legal action if there are 
any undesirable results. 

We are all interested in minimizing hospital costs, but I believe we 
should remember that hospital costs are only a portion of the true cost 
of mastectomy surgery. In the future I hope that we can find even 
better economic solutions to these problems that will not interfere with 
the personal care that we should give. 


DR. JOHN S. SPRATT (Louisville, Kentucky): That studies on cost 
containment in cancer management are forthcoming is gratifying. For 
years I had a running dialogue with Lee Clark to the effect that if we did 
not develop algorithms of cancer management whereby outcome 
could be related to cost, we would be promoting an unrestrained sys- 
tem that would become prohibitively expensive. This would result in 
arbitrary bureaucratic cost control measures. Now we have DRGs, and 
we are soon to have AVGs (ambulatory visit groups) in an attempt to 
control costs still unrelated to outcome. At one point in the dialogue, 
(in 1971), I even had to present a position paper on cost-effectiveness 
in follow-up to the Commission on Cancer of the college to retain 
accreditation of a hospital cancer program. ' 

This study and many others used systems analysis and operations 
research techniques coming from the fields of industrial engineering 
and mathematics. With this approach, every clinical action is mea- 
sured in terms of time, cost, risk, and its essential relation to outcome. 
In 1975, we suggested an algorithm for cancer.’ 

Algorithms must consider all facets of cost to make certain that 
internal shifts in cost do not mask changes in total cost. With respect to 
the economic morbidity of breast cancer, sending a patient home a few 
days early with drains still in place may be significant, but it is minor 
compared to other major cost factors that have been addressed in the 
recent literature. 

Evens of Mallinckrodt Institute of Radiology estimated that mam- 
mography would generate an annual cost of 2.6 billion dollars if used 
as recommended for American women, with a cost of $14,000 per 
cancer found.* Yet, in the March 11, 1988 issue of JAMA, Eddy of 
Duke University confirms that we still lack proof that mammograms 
used in women younger than 50 years of age reduce the risk of dying of 
breast cancer. For women older than 50 years of age, the extreme 
variability in the speed of evolution of breast cancers and the invisibi- 
lity of some cancers on mammograms, as von Fournier’s data and 
others confirm, leave us with incomplete information on the optimum 
strategy for using mammography* 

There are many other controllable facets of surgical technique that 
effect cost as well as survival and morbidity: hemostatic surgery to 
avoid the cost of cross-matching and transfusing elevation of flaps of 
uniform thickness to avoid residual tufts of devascularized fat,’ avoid- 
ance of nonessential laboratory and radionuclide studies." 

We also ought to appreciate the efforts of Tomin and Donegan, ° 
who performed a prospective clinical trial confirming that the follow- 
up strategy of self-surveillance and prompt evaluation of symptoms is 
associated with results just as satisfactory as frequent follow-up visits 
involving high-cost laboratory, radionuclide, and roentgen diagnostic 
studies permitting a dramatic reduction in the economic morbidity of 
follow-up. All that most such frequent high-cost testing buys is length 
and lead time bias in results. Most recurrences are still self discovered, 
as are most new cancers. Much more remains to be done if we wish to 
relate costs to outcome. For this, an algorithm of the entire process of 
breast cancer control is needed. All studies must insure that costs have 
not been shifted simply from one place to another with no change in 
outcome. 
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DR. BEN EISEMAN (Denver, Colorado): Dr. Balch and his colleagues 
have shown that early discharge of patients after mastectomy is safe 
and produces considerable decreased hospital costs. They properly 
project that this has the potential for saving $110 million annually in 
the United States. 

I want to point out that such decrease in hospital costs does not 
necessarily translate directly into decreased costs at a societal level. 
Hospital bills and DRG payments are part of direct costs. The other 
economic components of health care are indirect costs, which usually 
equal, and often exceed, the direct component. 

Health care costs for a family do not stop when the patient leaves the 
hospital. Patients living at a distance from the hospital often must, with 
their families, take hotel rooms, use taxicabs, eat at restaurants, and 
incur expenses equal to hospitalization during early posthospital dis- 
charge periods. 

The accounting system for judging costs and benefits of health care is 
complex. There are at least four ways to look at savings such as were 
recorded in this clear-cut paper: cost-minimization analysis, cost ben- 
efit analysis, cost-effective analysis, and cost analysis. This study from 
M. D. Anderson is of the first, and to some degree, second category. It 
shows how we can look better with hospital administrators and on the 
DRG records but does not prove savings at a societal level or even that 
it can be economical for a patient and his family on whom costs are 
shifted after hospital discharge. 


Dr. J. BRADLEY AUST (San Antonio, Texas): I would not dream of 
Suggesting that shortening hospitalization is not good for the country, 
but I am having a little mathematical problem. If you do not reduce the 
number of nurses, and you do not lay off administrators, how do you 
reduce the hospital cost? That is what bothers me because if you cannot 
close down a part of the hospital, it does not seem that you are going to 
reduce much of the cost of running the hospital. 


DR. CHARLES M. BALCH (Closing discussion): I want to thank the 
discussants for their comments. 

My first comment is that this type of cost containment effort re- 
quires both an intellectual commitment and an operational strategy 
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that can accomplish the same things on an outpatient basis that tradi- 
tionally has been performed on an inpatient basis. That is, the nursing 
responsibilities that often were done by floor nurses are now being 
assumed by outpatient nurses, particularly in the areas of patient edu- 
cation and wound management. In fact, we have altered the organiza- 
tional structure of our nursing unit so that our nursing supervisor is in 
charge of both inpatient and outpatient nursing to provide a better 
continuum of nursing skills between the inpatient and outpatient set- 
tng. 

In answer to Dr. Foster’s questions, when we are talking about costs, 
these probably should be better labeled as charges because what we 
tabulated were actual hospital charges that were submitted to insur- 
ance companies or patients. 

With regard to costs occurring because of evaluations, the laboratory 
charges and these other costs were the same for both groups. Thus, 
there was no reduction (or savings) in the charges for preoperative tests. 

Dr. Foster also made an important comment about what is going to 
happen for our trainees (medical students, residents, and fellows) with 
some of this decision making process and counseling going on in the 
clinic instead of the hospital. Although it is sometimes difficult for our 
trainees to see the wisdom of working in the clinic, this is where they 
often learn the art and judgment of medicine, including the decisions 
about selecting options for treatment and their risks. 

Dr. Wise asked about whether we were able to dismiss nurses in our 
inpatient units. Actually, one of the motives for implementing this 
policy was a high hospital occupancy rate. The reduction in the average 
length of stay has given us access to more beds in the face of continued 
increases in patient referrals. 

Have we increased the acuity of nursing care within the hospital? 
Probably so, but not to any significant degree, for our nursing density 
now is the same as it was before. We have increased the level of activity 
in the clinic, but the nurses in our clinic have appreciated a more 
meaningful role in the care of these patients than they did before where 
their functions consisted of escorting them into the room for examina- 
tions. They now have a major role in counseling these patients (before 
and after surgery) and participating in their wound management. 

Dr. Rutledge made important comments about the value of the 
preoperative night, and I would emphasize that there are situations 
where it is better for patients to be in the hospital the night before. We 
do not require the same day admissions; it is an option that we offer to 
patients. Most patients choose to be at home or in a hotel the night 
before surgery. 

I believe, that the counseling that Dr. Rutledge talks about is impor- 
tant, but this could go on just as well in the clinic as it can at the bedside 
the night before, if the system is organized to permit this. 

Dr. Spratt and Dr. Eiseman talked about the cost shifting and the 
difficulty of accounting for the dollars and any savings that would be 
involved. Whether or not we are saving money depends on how you 
look at it and who is paying the bill. Certainly, the cost to insurance 
carriers and the patients are reduced for inpatient care, but may be 
increased for some additional outpatient care. 

With regard to hotel accommodations, every out-of-town patient 
that comes to our institution has members of their family staying at a 
hotel. They will be paying for these costs to the same level whether or 
not the patient is in the hotel with them. 

Dr. Aust, your last question is one on definition of whether we are 
reducing costs or not. The focus of this study was to determine whether 
we are reducing the health care costs that employers and patients pay 
for hospital charges. It is not possible to determine if there will be net 
savings nationally, but perhaps the rate of rise will at least be slowed as 
a result of this and similar efforts by the medical community to use 
health care resources in the most efficient and cost-effective manner 
that is consistent with quality patient care. 
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Continent Urinary Diversion 


A 54-Year Experience 








DONALD G. SKINNER, M.D., GARY LIESKOVSKY, M.D., and STUART D. BOYD, M.D. 


From August 1982 through March 1988, 531 patients have 
undergone continent urinary diversion using an ileal reservoir 
constructed according to the method of Kock. For the past 
year, the Division of Urology at the USC School of Medicine 
in Los Angeles has used the principle of Kock reservoir con- 
struction for primary lower urinary tract reconstruction after 


cystectomy in 39 highly selected male patients by means of a. 


ureteroileal urethrostomy. Early complications occurred in 86 
of 531 patients (16.2%), resulting in an operative mortality rate 
of 1.9% (ten of 531). The early complication rate was 16.5% in 
patients undergoing single stage cystectomy and Kock pouch 
construction and 15.2% among patients undergoing Kock 
pouch conversion. Late complications have been analyzed in a 
group of 489 patients who have undergone Kock cutaneous 
diversion. The complications unique to continent urinary di- 
version, their incidence, and the effect of technical modifica- 
tions in reducing the number of late complications are dis- 
cussed. Since the time of the last modification, in July 1985, 
the overall incidence of late complication has dropped to 22%. 
Based on this ongoing experience, the authors conclude that: 1) 
the continent ileal reservoir as conceived by Kock remains the 
best internal reservoir for bladder replacement in terms of vol- 
ume, accommodation with the lowest internal pressures com- 
pared with other alternative reservoir construction, 2) the in- 
tussuscepted ileal nipple valve mechanism is a reproducible, 
highly effective mechanism that prevents reflux in 95% of pa- 
tients and produces excellent continence, 3) our enthusiasm 
remains tempered by the need for reoperation in approximately 
10-15% of patients, usually due to a pinhole fistula or false 
passage at the base of the efferent nipple valve mechanism, 4) 
electrolyte abnormalities rarely occur and gastrointestinal 
dysfunction is unusual in the absence of radiation, and 5) con- 
tinent urinary diversion is a viable long-term concept that pro- 
vides a real alternative in terms of quality of life and self-image 
for the patient undergoing urinary diversion. 


Presented at the 108th Annual Meeting of the American Surgical 
Association, San Francisco, California, May 2-4, 1988. 
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Division of Urology, USC School of Medicine, Suite 5900, 2025 
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From the Department of Surgery, Division of Urology, USC 
School of Medicine, Los Angeles, California 


ONTINENT URINARY DIVERSION is a highly de- 
sirable alternative to the conventional ileal 
conduit. Three factors, however, are prerequi- 
sites to its success: 1) construction of an internal reser- 
voir that can accommodate large volumes of urine at 
low pressure without significant absorption or exchange 
of electrolytes or urea, 2) construction of a valve mecha- 
nism to prevent reflux and to provide true continence, 
3) a voiding mechanism that allows complete emptying 
with ease of management. The ileal reservoir as con- 
ceived and described by Kock provides outstanding 
storage and reservoir properties to the intestinal pouch 
without the intermittent pressure spikes that occur when 
the cecum or intact ileum is used as a reservoir.!~* Pres- 
sures within the pouch rarely exceed 15-20 cm of water, 
whereas pressures within the intact cecum or ileum 
often exceed 60 cm of water with filling.°-’? Others have 
advocated a detubularized cecal reservoir, but none 
have achieved the reservoir volume of the Kock with 
maintenance of consistently low pressures.®~!° 
In 1982, Kock and associates reported their initial 
experience with twelve patients.* Gerber first performed 
the operation in the United States and reported his expe- 
rience with seven patients operated on between 1979 
and 1983.!! We began clinical laboratory trials in 1982, 
and through March 1988, we have constructed a conti- 
nent ileal reservoir in 531 patients. With ongoing experi- 
ence, problem areas have been identified that have led 
us to make some important modifications that will re- 
duce the incidence of late complications and the need 
for revisional surgery.!?~'® 


Materials and Methods 


From August 1982 through March 1988, 531 (359 
males, 172 females) patients have undergone Kock 
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FIG. 1. Technique of Intussusception For Valve Construction. Note 
that the mesentery has been denuded approximately 8 cm along each 
limb. Polyglycolic acid mesh is then massed through a distant window 
of Deaver, leaving several vascular arcades between. In this manner, 
intussusception does not incorporate mesentery and polyglycolic acid 
mesh when secured to the pouch, and further locks in the intact re- 
maining vascular arcades, (Reprinted by permission from Skinner DG, 
Boyd S, Lieskovsky G., Urinary diversion: continent ileal reservoir: 
surgical technique and clinical results. Jn DG Skinner, G Lieskovsky, 
eds. Diagnosis and Management of Genitourinary Cancer. WB 
Saunders: Philadelphia, 1988; 653-674.) 


pouch construction for continent urinary diversion. In 
489 of these patients, the ileal reservoir was connected to 
the skin for cutaneous urinary diversion; in 39 men, it 
was joined to the urethra for lower urinary tract recon- 
struction after cystectomy, and in three, an ileoanal res- 
ervoir was constructed to allow voiding through the 
anus making catheterization unnecessary. Age range of 
the male patients was 15-87 years old, and of the female 
patients, 13-87 years old. 

One-stage radical cystectomy and Kock pouch con- 
struction were performed as the primary treatment for 
malignancy in 378 patients. An additional 41 patients 
underwent simultaneous cystectomy and Kock pouch 
construction to relieve the symptoms and/or complica- 
tions of neurogenic bladder. The remaining | 12 patients 
underwent conversion to a Kock pouch from an existing 
form of urinary diversion—-83 from ileal conduit, 16 
from ureterosigmoidostomy, and 13 from cutaneous 
vesicostomy, ureterostomy, or suprapubic tube drain- 
age. Most of these patients actively sought conversion to 
the new reservoir because of their inability to maintain 
dryness or because of the psychosocial stigma associated 
with having to wear an external appliance to collect 
urine. 

Ninety-one of the 531 patients received radiation 
therapy before construction of the Kock pouch. As part 
of a course of planned preoperative radiation in prepara- 
tion for radical cystectomy in the combined manage- 
ment plan for invasive bladder cancer, eight patients had 
received between 1600 and 2000 rads high-dose frac- 


SKINNER, LIESKOVSKY, AND BOYD 


Ann, Surg. » September 1988 


tionation, and 34 received between 4000 and 5000 rads 
standard fractionation therapy. A total of 43 patients 
had received prior definitive radiation therapy (6000- 
7000 rads) for the sole treatment of urinary bladder © 
cancer or for the treatment of cancer of the prostate. 
Some of the latter patients had received additional iso- 
tope implant brachytherapy, and all 43 were deemed 
candidates for salvage cystectomy on the basis of local 
cancer recurrence or because of disabling bladder com- 
plications from the therapy. Four patients underwent 
salvage cystectomy and Kock pouch construction after 
failure of Į’! implants in the management of prostate 
cancer. Two patients had received an unknown amount 
of whole abdominal radiation many years earlier, after 
hysterectomy for endometrial carcinoma. The effects of 
radiation therapy on Kock pouch construction has been 
previously reported. ! 


Surgical Technique Consideration 


Based on our early experience, several changes in the 
technique originally described by Kock have evolved in 
an effort to reduce the incidence of late complications 
and the need for reoperative surgery. The last major 
modification was made in July 1985 (patient #247), and 
all modifications have been reported in detail, both in 
writing and in video.!*!? 

Several points warrant emphasis. First, construction 
and maintenance of the intussuscepted ileal valves are 
critical to the ultimate success of the reservoir. Approxi- 
mately 8 cm of mesentery are stripped off the serosa of 
the ileum adjacent to the pouch, according to the 
method originally described by Hendren.”° At least one 
to two vascular arcades are left intact, and a 2 cm-wide 
strip of polyglycolic acid (PGA) mesh is then soaked in a 


_ tetracycline solution (250 mg in 10 cc saline) and passed 


through the next window of Deaver (Fig. 1). Stripping 
the mesentery in this manner allows ileal intussuscep- 
tion without incorporation of the mesentery. During the 
intussusception process, the PGA mesh will move adja- 
cent to the pouch wall, where it will be fixed with #2-0 
chromic catgut sutures. By fixation of the PGA mesh to 
the pouch wall, the intact vascular arcades that remain 
between the mesh and the stripped mesentery portion of 
the intussusception further fix the valve mechanism and 
prevent slippage. The Marlex mesh originally used for 
collar construction was replaced with PGA mesh when 
frequent erosion of Marlex became apparent. The PGA 
mesh is soaked in tetracycline solution to increase its 
reactivity in order to enhance scar formation. 

Secondly, three rows of 4.8 mm stainless steel staples, 
which are nonhemostatic and do not crush the bowel, 
are applied to the intussuscepted segment. The PGA 
mesh should not be incorporated into the staples since 
its thickness may prevent proper closure of the staples. It 
is important to use the pin of the stapling device to avoid 
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malaligned staples, but the pinhole must be closed with 
#2-0 chromic catgut to prevent urine leakage caused by 
fistulization through the pinhole at the base of the in- 
tussuscepted nipple. Initially, two rows are placed, 
evenly spaced, around the anterior 180 degrees of the 
intussusception. We use the PI-55 Automatic Stapler™ 
(Minnesota Mining and Manufacturing Company, 
Minneapolis, Minnesota), with manufacturer-provided 
custom cartridges in which six staples from the proximal 
portion of the cartridge have been removed at the fac- 
tory. Because staples at the end of the nipple do not 
contribute to maintenance of the intussusception and 
may remain exposed and form a nidus for subsequent 
stone formation, they are removed from the stapling 
cartridge. The third row of staples fixes the intussuscep- 
ted nipple to the wall of the pouch. 

There are two methods for accomplishing this fixa- 
tion. A small hole can be made in the pouch wall beyond 
the point at which the intussusception nipple will lie. 
The anvil stapler can then be brought through this hole 
from outside the pouch. The intussuscepted nipple is 
advanced over the anvil, which slips up the ileum 
beyond the intussusception, and is then stapled, full- 
thickness, to the back wall (Fig. 2A). This method sta- 
ples three thicknesses of ileum: the back wall and two 
layers of the intussusception. A custom cartridge is used 
with this technique. In addition, the ends of both nipples 
are sutured to the back wall with #2-0 chromic catgut 
suture. The pinhole in the wall must also be closed. 

As a second method for nipple valve fixation, the 
anvil stapling device can be passed into the inside of the 
nipple from outside the pouch, initiating the procedure 
at the region of the mesentery at the base of the nipple. 
This technique fixes two layers of bowel: the back wall of 
the pouch to one layer of the nipple valve. Because im- 
portant staples are those at the nipple base, full cartridge 
with all staples should be used (Fig. 2B). The pinhole 
again must be closed, and the nipple is routinely ad- 
vanced further onto the back wall with two #2-0 chro- 
mic sutures. This is our preference for nipple valve fixa- 
tion. 

A #30 Medina tube is then passed through the nipple 
and the PGA mesh strip is sutured around the ileal seg- 
ment with #2-0 chromic catgut interrupted suture to fix 
the mesh to the pouch and the ileal segment. The pouch 
is closed and the ureters are implanted as originally de- 
scribed. 

The last important modification was made in July 
1985. A strip of Marlex mesh 2 cm wide is fixed with a 
#1 nylon suture to the peritoneum and abdominal wall 
fascia, lateral and slightly cephalad to the opening in the 
abdominal wall, through which the efferent limb of 
ileum will exit. The Marlex strip is then brought through 
the window of Deaver of the ileal mesentery at the base 
of the efferent intussusception adjacent to the PGA 
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Fics. 2A and B. Two methods for fixing bowel to back wall of pouch. 
(A) Small holes are made in the posterior wall of the pouch several 
centimeters distal from the nipple. Anvil of stapling device can be 
inserted through hole with anvil arm of staple device passed through 
nipple, allowing intussuscepted nipple to be fixed to back wall of pouch 
as further protection against slippage or extussusception. Custom car- 
tridge with six staples removed should be used with this method. (B) 
Anvil of stapler is inserted between two walls of nipple at region of 
mesentery from outside pouch. This will fix nipple wall to back wall of 
pouch without any staples exposed within pouch. A standard cartridge 
with all staples in place should be used with this technique. PGA at the 
base of nipple also is shown. A #30 Medina tube has been inserted 
through nipple and through PGA mesh so that mesh can then be 
positioned around afferent and efferent limbs. Catheter is used to 
ensure that PGA collar is not too tight and to avoid possibility of 
erosion. Mesh is secured to pouch and to resected ileum with inter- 
rupted #2-0 chromic sutures. (Reprinted with permission from Skin- 
ner DG, Boyd S, Lieskovsky G. Urinary diversion: evolution of the 
continent ileal reservoir; surgical technique and clinical result. Jn DG 
Skinner, G Lieskovsky, eds. Diagnosis and Management of Genitouri- 
nary Cancer. WB Saunders: Philadelphia, 1988; 653-674.) 


mesh collar. We place #1 PGA sutures as horizontal 
mattress sutures entering through the abdominal wail 
fascia, the PGA mesh, and back through the abdominal 
wall fascia—one lateral, one caudal, and one medial to 
the pouch (Fig. 3). The efferent limb is then brought 
through the abdominal wall, and redundant ileum is 
excised. The horizontal mattress sutures fix the bowel 
and continent valve mechanism to the abdominal wall 
fascia. The Marlex strip is then fixed to the peritoneum 
and posterior rectus fascia medial to the pouch. This 
Marlex strip, located away from the catheterization pro- 
cess, does not cause erosion, but is Important in pre- 
venting parastomal herniation in the region of the mes- 
entery and further fixes the continent valve mechanism 
to facilitate catheterization and to prevent prolapse. 

We believe these modifications have solved most of 
the problems associated with catheterization, leakage, 
and development of parastomal hernias. These and 
other technical aspects of the operation have been de- 
picted on video,'*'? and postoperative management re- 
mains as described previously. >! 


Results 


The average operating time involved in constructing a 
Kock pouch is approximately 0.75 to. 1.25 hours longer 
than that of construction of a standard ileal conduit. 
Because no efferent nipple valve is constructed, operat- 
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FIG. 3. Final location of pouch with completed ureteroileal anastomo- 
sis. Horizontal mattress sutures of #1 polyglycolic acid (PGA) are 
passed through anterior rectus fascia and collar of efferent limb of 
Kock pouch. One suture each is placed lateral, caudal, and medial to 
pouch, respectively, and efferent limb is drawn through abdominal 
wall. Suture is then secured so that the PGA mesh is fixed to the 
anterior rectus fascia, thus providing short segment from PGA mesh 
collar to skin. Redundant efferent ileum is excised providing flush 
stoma. Note use of narrow Marlex strip fixed to posterior abdominal 
wall lateral and medial to pouch (inset). Strip is passed through the 
window of Deaver, through which PGA mesh was placed. Strip is 
important to prevent parastomal hernia and helps to fix continence 
valve mechanism to abdominal wall. (Reprinted with permission from 
Skinner DG, Boyd S, Lieskovsky G. Urinary diversion: evolution of 
the continent ileal reservoir; surgical technique and clinical results. Jn 


DG Skinner, G Lieskovsky, eds. Diagnosis and Management of Geni- 


tourinary Cancer. WB Saunders: Philadelphia, 1988; 653-674.) 


ing time is slightly less when the reservoir is anasto- 
mosed to the urethra. The time involved for additional 
surgery remains approximately the same, whether the 
pouch is constructed in conjunction with cystectomy or 
as a conversion of an existing ileal conduit. Although the 
operation is not difficult technically, it is tedious, and 
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attention to every detail is essential to its ultimate suc- 
cess. The mean hospital stay for the 531 patients who 
underwent continent urinary diversion was 10 days; fol- 
low-up ranged from 2 to 69 months. 

A total of 86 patients (16.2%) suffered one or more 
early complications that resulted in an operative mortal- 
ity rate of 1.9% (10 of 531). Patients undergoing simulta- 
neous cystectomy and Kock pouch construction had a 
slightly higher complication rate (16.5%) than those un- 
dergoing conversion to a Kock pouch (15.2%). Once the 
importance of adequate pelvic drainage was recognized 
and achieved, the overall early complication rate re- 
mained stable and did not differ significantly from what 
we have reported of patients undergoing single stage rad- 
ical cystectomy and ileal conduit cutaneous urinary di- 
version.”! 

Late Complications have been analyzed in the group 
of 489 patients undergoing Kock cutaneous diversion. 
Follow-up has not yet been long enough for meaningful 
analysis of late complications in the 39 men undergoing 
Kock urethral reconstruction or the three patients un- 
dergoing the ileoanal reservoir reconstruction. 

The complications unique to continent urinary diver- 
sion, their incidence, and the effect of technical modif- 
cations in reducing the number of late complications are 
shown in Table 1. Note that since the last modification 
in July 1985, the overall incidence of late complication 
dropped to 22%. 

Leakage remains the primary late complication and 
continues to plague 10-15% of the patients requiring 
reoperation. Leakage due to prolapse or associated with 
parastomal hernias has largely been eliminated by nip- 
ple fixation and the use of a Marlex strut. When leakage 
does occur, it is generally due to a small fistula at the 
base of the nipple valve. It is hoped that meticulous 
closure of the pinhole created by the stapling device will 
further reduce the incidence of this late complication. 


TABLE 1. Late Complications (489 Patients, August 1982~March 1988, Kock to Skin) 


First 150 
Patients 


Technical changes 
Overall incidence of late 


Marlex collar 


complications 70 (47%) 
Urinary leakage 

Leak due to incompetent valve 16 (11%) 

Leak due to prolapse 13 (9%) 

Leak for any reason 31 (21%) 
Parastomal hernia with/without leak 8 (5%) 
Difficult catheterization 9 (6%) 
Marlex erosion 31 (21%) 
Stones 23 (15%) 
Afferent nipple problems 11 (7%) 
Pyelonephritis 7 (5%) 


Ureteroileal obstruction 





5 (3%) 


Next 100 Last 239 

Patients Patients 
Dexon collar 
fixation nipple Marlex strut 

36 (36%) 52 (22%) 
8 (8%) 21 (9%) 

10 (10%) 13 (5%) 

20 (20%) 36 (15%) 

11 (11%) 5 (2%) 
2 (2%) 3 (1%) 
0 4 (1.6%) 
6 (6%) 4 (1.7%) 
2 (2%) 2 (1%) 
4 (4%) 2 (1%) 
3 (3%) 8 (3%) 
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The incidence of difficult catheterization, Marlex ero- 
sion, stone formation, pyelonephritis, and afferent nip- 
ple problems has been greatly reduced by technical 
modifications of the procedure. Note that of the last 239 
patients, only four have developed pyelonephritis or 
have had difficulty with the antireflux valve mechanism. 
The incidence of ureteroileal stenosis remains steady at 
3%, similar to that seen in the standard ileal conduit. 
Management of late complications and the operative 
technique for repairing urinary leakage have been re- 
ported previously.'’ In addition, eight patients have re- 
quired rehospitalization for partial small bowel obstruc- 
tion, and three of these have required reoperation. There 
have been no patients with stomal stenosis requiring 
reoperation. Although anticipated electrolyte problems 
have been rare and vitamin B12 deficiency has not yet 
been observed, in a personal communication with Kock 
(October 1987), he reported that in follow-up of more 
than 5 years, vitamin B12 supplementation would be 
necessary. 


Discussion 


This report represents a 6-year experience during 
which we continually reevaluated our results and made 
changes in surgical technique designed to reduce the 
incidence of late complications and the need for revi- 
sional surgery. The concept of reservoir construction as 
advocated by Kock is a proven principle; the ileal reser- 
voir attains a mean capacity of 800~1200 cc and main- 
tains low pressure on filling with elimination of internal 
intermittent pressure spikes. Follow-up in this series ex- 
ceeds 5 years without evidence of late complications 
relating to the internal reservoir. Kock reports similar 
observations with some of his original patients after a 
follow-up of more than 10 years. 

Alternative reservoirs of intact bowel were initially 
believed to be attractive alternatives because of simplifi- 
cation of surgery, but filling-pressures within the intact 
bowel (cecum, ileum, or sigmoid) often exceed 60 cm of 
water. This may over-ride the antireflux mechanism, 
thus causing pyelonephritis, or it may over-ride the con- 
tinence mechanism, causing leakage.*~’ Several detubu- 
larized reservoirs using the ileocecal segment have been 
reported, with proponents claiming surgical advantages 
over the Kock pouch.®-!° In most patients, continence is 
achieved by altering the ileocecal valve, and reflux is 
prevented by submucosal ureterocolonic tunnelled 
anastomoses. Detubularization significantly reduces 
pressure compared to the intact segment and increases 
capacity. To date, however, none are as consistently 
low-pressure or high-volume as that achieved with the 
Kock. In addition, the ileocecal valve is lost and the 
issue of stenosis of a ureterocolonic tunnelled anastomo- 
sis cannot be dismissed. Direct mucosa-mucosa ureter- 
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oileal anastomoses consistently produce a 3% stenosis 
rate, compared with a 10% late stenosis rate for the ure- 
terocolonic anastomosis.” 

Although the principle of pouch construction, as de- 
veloped by Kock, is correct, its ultimate success depends 
on construction and maintenance of the intussuscepted 
valve mechanism. In this area, our enthusiasm for the 
procedure is still tempered by the need for revision. 
Overall, 87 of the 489 patients (18%) have undergone 
one or more reoperations to achieve continence. Be- 
cause we have modified our technique with additional 
experience, this incidence continues to decrease. Since 
1985, with the last major modification, the reoperation 
rate for incontinence has been 15%, and for the past 100 
patients, 7%. 

In conclusion, our on-going experience with the Kock 
continent ileal urinary reservoir has continued to yield 
encouraging results. The essential criteria of a low-pres- 
sure, high-volume internal reservoir that is truly conti- 
nent, easy to catheterize and empty, and that prevents 
reflux have been realized. One need only look to the 
patients themselves for encouragement. The most vocal 
advocates of the procedure remain those Kock pouch 
patients who have previously had urinary diversion by 
another method.!> Patients still must be aware that 
complications may occur. High patient motivation and 
a thorough understanding of the Kock pouch, with its 
potential problems, continue to be essential prerequi- 
sites to the operation. Further minor refinements will 
continue to be made, and we anticipate that the long- 
term revision rate will be minimized. Our experience 
has been that “quality of life” issues are extremely im- 
portant in patient selection of therapeutic options, and a 
continent internal reservoir offers considerably better 
patient self-image than wearing an external appliance." 
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DISCUSSION 


Dr. JAMES F. GLENN (Lexington, Kentucky): What this society has 
just been privileged to hear is arguably one of the finest contributions 
to the total field of urinary diversion of the last century. 


Dr. Skinner and his colleagues have had extensive experience with 


this continent reservoir procedure, and what he has presented is a 
compendium of evolving surgical expertise. 

There are many things that one could say about this, but I believe it 
would probably put in perspective best to discuss the ideal criteria of 
urinary diversion, which is what Dr. Skinner has addressed. 

The ideal diversion should allow the patient to retain urine and to 
empty the reservoir at will. It ideally should employ native natural 
materials, either a normal sphincter or a surgically created sphincter. It 
should be a unidirectional system with no reflux to damage the upper 
tract. It should be nonobstructive in character. It should be nonab- 
sorptive, and it should be resistant to urinary infection. 

Those ideals seemed rather unattainable only a few years ago, but 
many have investigated the matter of urinary diversion for well over a 
century. 

In the 1880s, Verhoogen first isolated the cecum, keeping intact the 
appendix which he brought out to the skin as the exit point for urine. It 
had to be catheterized and was continent. It was an experimental 
procedure, and was largely forgotten. 

Tizzoni and Foggi in Italy experimented with the construction of an 
artificial bladder of small bowel and connected it to the urethra. It was 
clinically unsuccessful, for reasons that we can imagine, in the 1890s. 

Heitz-Boyer and Gersuny in Germany used a continent reservoir of 
rectum in a pullthrough operation, proximal colon under the anal 
sphincter. 

In the United States around the turn of the century and for the next 
15 or 20 years thereafter, Coffey and others popularized -ureterosig- 
moidostomy. However, this languished, and during the 1930s and 
1940s, little attention was given to the matter of urinary diversion. 

I believe we can credit Willard Goodwin and Wyland Ledbetter with 
renewing our interest in continent forms of diversion with their work, 
which was a landmark in ureterosigmoidostomy. Then, in the 1950s, 
Eugene Bricker brought us the ileal conduit that has served us so well. 
It opened the era of modern urinary diversion. 

What you have seen here, however, is the demonstration of a new 
technique, something that is not undertaken by the casual or inexperi- 
enced surgeon or the faint of heart, but it nonetheless has offered to our 
patients a form of diversion which is socially acceptable and which 
vastly improves the quality of life. 
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Dr. CLARENCE DENNIS (Stony Brook, NY): I compliment Dr. 
Skinner and co-authors on an elegant paper and contribution. 

Several years ago I was invited to join the urologists at the Northport 
Veterans Administration Medical Center to help in preparation of 
urinary conduits. This association has been delightful and fruitful. 

In the course of this collaboration, it occurred to me that a simple 
urinary conduit might be made continent by use of the appendix to 
deliver urine to the outside without surgical creation of a nipple valve 
to make it continent. 

During the late 1930s, the appendix was the subject of several years 
of study by a group of us under Owen Wangensteen at the University 
of Minnesota. During that study, I was able to demonstrate that the 
normal appendix has a minimal resistance to flow through the lumen 
of 27 cm of saline. I was also able to show that the periodic rises in 
intracecal pressure that have concerned those who have used the 
cecum are usually accompanied by simultaneous rises in resistance to 
flow through the appendix. Leakage should not occur. 

During the last 4 years, a group of us at Northport have shown that if 
the terminal ileum and ascending colon of the dog are divided and the 
ileocecal area converted to a Thiry-Vella loop, then the ileocecal valve 
is competent against reflux to pressures of more than 40 cm of saline. 
The same is true in the human. 

Finally, during the last 4 years, on the thesis that contamination is a 
factor in development of stricture of ureterileal anastomoses, a series of 
replacements of lower ureters with ileal segments has shown no stric- 
ture formation for up-to 4 years. The ileocecal valve thus should lessen 
contamination at the anastomoses and therefore stricture formation. 

It seemed that a conduit could be made clinically of the isolated 
ileoceco-ascending colic segment with exit through the appendix, as P. 
Lengemann reported in Zentralblatt fur Chirurgie in 1912. 

A 47-year-old man with transitional cell cancer involving the blad- 
der, prostate, lower right ureter, and left ureter with destruction of the 
left kidney had resection of the lesion en bloc by urologists on April 7, 
1987. It was my privilege to construct the conduit. (Sardar Ali Khan, 
M.D., Edmund Mandel, M.D., and Barth Shah, M.D.). He required 
several months to accommodate but was dry for 4 hours (once 7 hours) 
without catheterization, leakage, or demonstrated reflux. 

A second patient had his operation too recently to evaluate. 

It is suggested that Lengemann’s operation is less complex than the 
Kock procedure and that nipple making techniques when the appen- 
dix is used may not be necessary. 


Dr. R. KENNEDY GILCHRIST (Chicago, Illinois): Dr. Skinner has 
given us several varients of many efforts to try to answer Dr. Merrick’s 
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39-year-old question on how do you make a continent substitute 
bladder? 

According to his last report, 15% of these patients required reopera- 
tion within 5 years. 

I proposed that we make a bladder out of the cecum and the ascend- 
ing colon, that we use the ileocecal valve for continence and make a 
5-6-inch segment of the terminal ileum for the urethra through which 
the patient would be catheterized 3-4 times a day. This is a plan that 
those of you who tried our effort found that it did not always work. We 
will show you why. 

Dr. Henry Sullivan, one of Bob Freeark’s cardiovascular surgeons, 
made a study of all of our patients in 1973. Forty of the 50 patients I 
operated on were then alive and had been tested more than 1 year. Of 
these, 94% were completely continent and the patients never wore a 
bag, developed reflux nor had chemical imbalance. 

The follow-up of these patients continued until a few months ago 
when there were three patients who were still continent over 33 years 
and several more around 25 years. 

When we started this procedure we placed the bladder transversely 
in the pelvis and expected to put the ureters in from the back of the 
bowel. 

When we started we realized that we must have complete continence 
of the ureteral—vesicle anastomosis, and our plan and procedure was to 
divide the ureters about 1 inch over the iliac crest, move it out of this 
channel about 1.5 inches, then place the ureter in a tunnel about 
three-fourths to 1 inch in length, this being between the mucosa and 
the muscularis of the substitute bladder. This was done just proximal 
to where the ureter was tucked into the bowel. 

We have had three patients who had some reflux of urine. One 
patient, when operated on, had a ureter that was at least as large as my 
little finger and thickened, and that refluxed and eventually required a 
nephrectomy. Another patient who had many x-rays had many com- 
plications and eventually had to have a colostomy because of the 
damage to her bowel. 

Almost all of these patients had cystograms and many had some 
ureteral reflux, but we never had any trouble even in alf these years 
with pyelitis except for the one patient I mentioned. 

I did the operation, just as we have described, but fortunately when 
we pulled out the in-dwelling catheter, we could not get it back. It did 
not make any difference what we did, we could not get the catheter 
back, and the patient was reoperated on. The bladder contained almost 
1000 ml of urine. 

To shorten the substitute urethra and since this was not planned, I 
decided to make a tunnel between the abdominal wall and go down- 
ward through the muscle, not directly, to maintain whatever sphincter 
action the abdominal wall muscles would produce, We did not divide 
any muscles; this was through a bluntly pushed channel. The ileum 
was then pulled out of the abdomen, and after 3 or 4 days the excess on 
the outside was cut so that it fell just under the skin and there would be 
no external mucosa. 

The bladder was continent and remained continent. Therefore we 
performed the same procedure on the other 49 patients. We have had 
this sizable number of patients who have been continent more than 20 
years without any chemical imbalance, drainage, and so on. 

Dr. Merricks was not a part of the operating team so he did not 
recognize I changed it. No surgeon who had had any trouble with our 
operation ever came to talk to me about it, and so it did not occur 
to me. 

In reviewing Merricks’ article, which was printed in King’s book 
with a very detailed description of every trouble we had, it was perfectly 
obvious why we had such good results. The pulling of the ileal uretha 
through the atdominal muscles may have contributed some, but | 
believe the most important thing is that the ileocecal valve, having 
been pulled very strong from outside, was fixed. It could not move, and 
then as the bladder which was draped over into the pelvis and lay 
transversely in it, as the bladder distended, it pulled increasingly until 
the fuller the bladder was, the valve did not leak. 

If you perform this procedure, you will find it is a very simple 
operation. There is not one thing that your junior or senior resident 
could not do. But if by chance some of you do try this, I can easily 
envision that you will operate on some patients who have bladder 
extirpation, as we did in one girl three years of age. However, you will 
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do it much earlier. She was continent when last seen after 14 years and 
she has been happily married for 4 years. I am sure that many of the 
patients who are social outcasts because of incontinence will take the 
risk of 1-1.5% mortality to become socially acceptable. 


Dr. EUGENE M. BRICKER (St. Louis, Missouri): I have been aware 
of the continent Kock pouch being adapted for the substitution of the 
urinary bladder and have been interested in this development, al- 
though skeptical of how it would eventually turn out. The skepticism 
has now been replaced by admiration for what has been accomplished. 
I admire Dr. Skinner for his surgical ability, his imagination and inno- 
vation, and I believe he has directed his efforts into a worthwhile area. 
By making more patients free of having to wear an external appliance 
he will have added greatly to their quality of life. 

My interest in this area began right after World War II when Dr. Ben 
Eiseman and I operated on a few patients with cancer of the rectum 
requiring sacrifice of the urinary bladder. We transplanted the ureters 
to the isolated cecum hoping that we could devise some degree of 
continence through an external stoma. We were unsuccessful in ob- 
taining satisfactory continence; all patients had some degree of urinary 
leakage. It was then that one of the resident surgeons introduced me to 
the Rutzen bag made by Mr. Rutzen in Chicago, who was himself an 
ileostomy patient. We placed one of these glued-on bags over a urinary 
fistula, and this patient and subsequent other patients were so happy to 
be dry that our next step was to make a simple conduit out of the 
intestinal tract to convey the urine to an external appliance. The re- 
sulting ileal conduit operation has been performed for about 30 years, 
which has surprised me as the years passed, and I questioned how long 
its popularity was going to last. I am happy to know that the Kock 
pouch is becoming an effective alternative for some patients. I must 
ask one question of Dr. Skinner. What do you consider to be the role of 
the conduit operation today and in the future? And, another question, 
how much attention do you give to patients who have had previous 
irradiation therapy to the pelvic region? You know the intestinal tract 
will have received some irradiation, whether it is grossly evident or not. 
Does this affect your operation and its result in any way? 


DR. RUBEN F. GITTES (La Jolla, California): I rise to congratulate 
the authors on what is certainly the most extensive series of continent 
urinary pouches in the world and probably the best studied. I want to 
point out to the group that just a few years ago, perhaps at the time that 
Dr. Gilchrist was talking about, it would have been impossible to 
convince urologists to make a pouch where you had to stick a tube into 
it in a nonsterile manner. I want to point out that it has been the 
coincidence of the acceptance of “clean” self-catheterization that has 
made possible the leaps of surgical imagination that you have seen 
discussed today. I would like to ask Dr, Skinner if there has been a 
problem with infection. Is there a chronic bacteriuria in these cases? Is 
there ascending polynephritis. 


Dr. DONALD G. SKINNER (Closing discussion): I thank the discus- 
sants for their comments and their interest in this work. 

First to Dr. Glenn for giving us some of the historical perspectives. It 
is important that all of us look back on what has been accomplished in 
history, and we can learn a lot from that. 

I will point out that Dr. Gittes alluded to the important contribution 
of clean intermittent catheterization. I believe that had much to do 
with acceptance of the internal reservoirs compared with early efforts 
in the 1950s and 1960s. AIl of us owe a debt to Jack Lapides of the 
University of Michigan who started the concept of clean, nonsterile 
intermittent catheterization. 

Dr. Dennis points out a very important question that we all face in 
urology. He pointed out the use of the appendix as a possible entrance 
into a cecal reservoir. That work, originally described by Metrophen- 
off, is being done at the University of Pennsylvania by John Duckett. 
The appendix in the adult is not as useable as it is in the pediatric 
population. I believe the main role for the appendix in diversion is 
probably in the pediatric area. 

Dr. Dennis also points out the need for simplification. Urologists 
remain concerned about the use of the ileal reservoir, and many senior 
urologists were slow to adopt the Kock pouch and, in fact, went back 
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and started using ileocecal segments because they were believed to be 
easier to use as reservoirs. 

In the past I used ileocecal segments for bladder reconstruction, but I 
became concerned about the fact that I was not able to maintain 
competency of the ileocecal valve with regularity. When used as a 
bladder reservoir, pressures on filling often exceed 60 cm of water and 
will overcome the tleocecal valve, resulting in leakage. That has been 
the basic experience of most urologists using the Gilchrist operation. 
However, I do not believe anyone has any operation for continent 
urinary diversion that has been as successful as the Gilchrist operation 
has been in his hands. No one else has been able to achieve similar 
results as that. 

The other problem with cecal reservoirs is that a tunneled uretero- 
cecal anastomosis will basically carry a 10% incidence of late stenosis 
where we only see a 3% incidence of late stenosis in a ureteroileal 
anastomosis. 

. Dr. Ben Gittes has raised the question as to whether chronic bacter- 
uria within the reservoir will result in late complications. That remains 
unknown. The terminal ileum certainly has chronic bacterial exposure 
in its usual location in the gastrointestinal tract and whether bacteruria 
in an ileal reservoir will be different is unclear. They do not reflux and 
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therefore it is a nonrefluxing system. All of the reservoirs that are 
catheterized will colonize and grow bacteria usually sensitive to any 
type of antibiotic. The reservoirs to the urethra usually become sterile 
and have not been a problem. 

Finally, I would like to comment on Dr. Eugene Bricker’s com- 
ments. He has been an inspiration to all urologists and all surgeons 
involved in urinary diversion. He asked the question of the role of the 
ileal conduit. It remains prevalent today. Most urologists are not yet 
involved in continent urinary diversion. It will be another generation, 
before it becomes widely accepted. For the occasional operator, the 
ileal conduit remains a much safer procedure and there are many 
patients who can live well with an ileal conduit. However, in my 
experience, most patients when offered the alternative will choose con- 
tinent diversion over the ileal conduit. 

Prior radiation therapy remains a concern. We have taken on all 
candidates, including heavily irradiated patients, and have found that 
some of our best successes have been in that group of patients. Some of 
them also will have a prolonged postoperative period because of poor 
early compliance and low reservoir volume, but most of them achieve 
continence and develop large reservoir volumes. 
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Postsurgical gastroparesis syndrome (PGS) is a complex dis- 
order characterized by postprandial nausea, vomiting, and 
gastric atony without evidence of mechanical gastric outlet ob- 
struction. These symptoms can be disabling and are frequently 
unresponsive to drug therapy. Fifteen patients with docu- 
mented PGS, including 13 women and two men, were recently 
treated by completion gastrectomy (CG) over a 5-year period. 
Gastric emptying study (GES) was markedly prolonged in 12 
of the patients studied, and improved partially in only one 
patient (8%) with the administration of metoclopramide alone 
or combined with other gastrokinetic drugs. Patients were 
evaluated both before and after surgery, using a modified Vi- 
sick rating system and a severity of symptoms (SS) score based 
on seven gastrointestinal (G.I.) and five systemic variables. All 
15 patients underwent CG and reconstruction with a 50 cm 
Roux-en-Y limb. There were no operative deaths or complica- 
tions related to the esophagojejunal anastomosis. Mean post- 
operative follow-up was 13.9 months, with a range of 2-65 
months. After CG, the Visick rating and overall SS score im- 
proved significantly. The improvement in SS score was pri- 
marily due to a significant decrease in G.I. symptoms with 
little or no change in systemic symptoms. Overall, 86% of 
patients reported a satisfactory clinical result. CG, while 
seemingly radical, can be performed with low risk, and for 
properly selected patients with PGS, may be the treatment of 
choice. 


motility and emptying are complex, and in- 

clude neuronal, hormonal, and myogenic fac- 
tors.'* Gastric operations alter these complex interrela- 
tionships and frequently result in a variety of so-called 
“postgastrectomy”’ syndromes, including postsurgical 
gastroparesis syndrome (PGS). This motility disorder is 
characterized by postcibal nausea, vomiting, abdominal 
pain, and gastric stasis without evidence of mechanical 
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obstruction.** Unfortunately, the diagnosis is frequently 
incorrect when based on clinical findings or standard 
tests alone. This may lead to inappropriate remedial 
surgery and residual or worsened symptoms, analgesic 
drug dependence and nutritional deficiencies. Fifteen 
patients with documented PGS were treated by comple- 
tion gastrectomy (CG) over a 5-year period with excel- 
lent results. The information generated by careful evalu- 
ation operative management, and follow-up of these pa- 
tients forms the basis of this report. 


Methods 


Between 1982 and 1987, fifteen patients, including 13 
women and 2 men, underwent CG for documented 
PGS. The mean patient age was 42.7 years, with a range 
of 29-66 years. Principal symptoms included upper ab- 
dominal pain in all patients, postcibal nausea and vom- 
iting in eleven patients, gastroesophageal reflux in five 
patients, and gastrointestinal (G.I.) bleeding in two pa- 
tients. The mean duration of symptoms was 27.9 
months, with a range of 3-120 months. Significant 
weight loss (mean 11.3 hg, range 4.5-27.3 hg) was re- 
corded in 13 patients (87%) before surgery. Four pa- 
tients had potentially related medical problems, includ- 
ing paraplegia secondary to spinal cord injury, pancre- 
atitis and drug addiction, urinary bladder dysfunction, 
possible due to occult multiple sclerosis, and adult 
onset, insulin-requiring diabetes mellitus. 

The 15 patients of our series had undergone a total of 
35 gastric operations before CG (Table 1). All patients 
had undergone at least one previous procedure, six had 
undergone two procedures, and another six had under- 
gone three or more procedures. In 14 patients, PGS re- 
sulted from complications of gastric surgery for peptic 
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TABLE |. Previous Gastric Operations and Indications for Operation 
in 15 Patients with Postsurgical Gastroparesis 


Patient Type of Operation Indication 
l SG with Bl PUD 
2 V&A with Bl PUD 

Revision to Roux-en-Y 
3 V&P PUD 
Transthoracic vagotomy 
Reconstruction of pylorus 
4 V&P PUD 
SG l 
Revision to Roux-en-Y 
Revision of Roux-en-Y 
5 V&P PUD 
SG 
Revision to Roux-en-Y 
6 V&A with B2 PUD 
Revision of B2 
Revision to Roux-en-Y 
7 V&A with B2 PUD 
Revision to Roux-en-Y 
8 V&A with Bl PUD 
Revision to B2 
9 SG with Bl PUD 
10 V&A with B2 PUD 
Revision of B2 
1] V&P PUD 
SG with B2 
Revision to Roux-en-Y 
12 - V&A with B2 PUD 
13 V&A with B2 PUD 
Revision to Roux-en-Y 
14 V&A with B2 PUD 
Revision to Roux-en-Y 
15 Gastric stapling (<3) Morbid obesity 


SG with Roux-en-Y 


SG= subtotal gastrectomy. 

V&A/P = vagotomy & antrectomy/pyloroplasty. 
PUD = peptic ulcer disease. 

Bi = Billroth I gastroduodenostomy. 

B2 = Billroth II gastrojejunostomy. 


ulcer disease. In the one remaining patient, PGS was 
caused by repeated gastric restrictive procedures for 
morbid obesity. 

The anatomy and function of the gastric remnant was 
evaluated with fiberoptic endoscopy as well as barium 
contrast and solid phase radionuclide gastric emptying 
studies. One patient refused endoscopy, and two pa- 
tients refused radionuclide gastric emptying studies. Per- 
tinent findings at endoscopy including bezoars in four 
patients (28.5%) and small anastomotic ulcers in an- 
other four patients. Of the patients with anastomotic 
ulcers, three had pentagastrin-resistant achlorhydria 
and/or normal serum gastrin levels. Radiologic studies 
using barium sulfate provided qualitative information 
regarding gastric emptying and, in two patients, demon- 
strated pathologic lesions (anastomotic ulcer, bezoar). 
For the most part, these conventional contrast studies 
were unrewarding and did not correlate with the results 
of the radionuclide gastric emptying studies. 
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The methodology used in this study to quantify solid- 
phase gastric emptying study (GES) was recently sum- 
marized by Conrad et al.° After ingestion of a radioisoto- 
pically labelled test meal, the patient is positioned under 
a gamma camera interfaced to a computer. The use of 
the computer allows rapid determination of the percent 
of radioisotopic marker remaining in the stomach and 
permits precise, kinetic measurements of gastric empty- 
ing. Gastric emptying studies were markedly prolonged 
(Tiz > 100 min with normal Tiz of 15 to 65 min) in all 
twelve patients studied. Before surgery, these twelve pa- 
tients were treated pharmacologically with a variety of 
gastrokinetic drugs, including metoclopramide, dom- 
peridone and cisapride. One of the six patients who re- 
ceived monotherapy with metoclopramide responded 
partially (17%). Polytherapy, using metoclopramide in 
combination with either domperidone or cisapride, was 
unsuccessful for six additional patients. The overall re- 
sponse rate to gastrokinetic drug therapy in this series 
was 8%. 

All 15 patients underwent completion gastrectomy, 
leaving a small rim of proximal stomach to insure a 
leakproof anastomosis. A 50-cm Roux-en-Y limb of je- 
junum was fashioned, using the technique described by 
Kirk® to restore G.I. tract continuity. Redundant loops 
of jejunum were assiduously avoided by making relax- 
ing incisions in the mesentery when necessary. When- 
ever possible, the Roux-en-Y limb was brought up in a 
retrocolic position. All mesenteric traps were carefully 
closed with fine, interrupted sutures to prevent internal 
herniation. 

Clinical outcome was evaluated objectively by a non- 
physician interviewer using a comprehensive question- 
naire. A modified Visick rating, using the grading scale 
of Goligher et al., was recorded both before and after 
surgery; Grade 1 (excellent result) denoted absolutely no 
symptoms; Grade 2 (good result), mild to moderate 
symptoms, readily controlled by diet; Grade 3 (satisfac- 
tory result), mild to moderate symptoms, not readily 
controlled but also not disrupting the patient’s social or 
economic life; and Grade 4 (unsatisfactory result), mild 
to moderate symptoms, not readily controlled and caus- 
ing disruption of the patient’s social and economic life.’ 

Using the same questionnaire technique, a subjective 
severity of symptom (SS) score based on seven G.I. and 
five systemic symptoms was also calculated before and 
after operation. The G.I. symptoms included heart burn 
or retrosternal discomfort, abdominal pain, abdominal 
fullness, nausea, vomiting, diarrhea and excessive gas 
(eructation or flatulence). The systemic symptoms in- 
cluded faintness or dizziness, weakness or tremulous- 
ness, sleepiness, sweating, and palpitations. The severity 
of each symptom was graded on a scale of one to three. 
An overall SS score, as well as separate SS scores for G.I. 
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and systemic symptoms, was calculated both before sur- 
gery and after, during the follow-up period. Data was 
analyzed using the Wilcoxon ranked sum test to detect a 
predetermined difference between two medians and p 
values < 0.05 were considered statistically significant. 


Results 


CG was performed successfully in all 15 patients with 
no operative mortality. Five patients (33%) developed 
postoperative complications including toxic delirium, 
respiratory arrest with recovery, wound infection, and 
partial small bowel obstruction which, in one patient, 
required reoperation and enterolysis. None of the com- 
plications were related to the esophagojeyunal anasto- 
mosis. 

All resected stomachs were carefully evaluated for 
pathologic findings that might explain the poor gastric 
function observed clinically. Normal numbers of gan- 
glion cells were identified in all specimens evaluated. 
The most common histologic abnormalities included 
chronic, mild gastritis, usually with focal atrophy and 
intestinal metaplasia and small areas of superficial ulcer- 
ation. Stomal patency was demonstrated in all cases. 
Several specimens showed no histologic abnormality 
at all. 

Mean postoperative follow-up was 13.9 months with 
a range of 2-65 months. Following CG, the Visick rating 
and the overall SS score improved significantly (p < 0.02 
and p < 0.001, respectively) (Fig. 1). The improvement 
in the overall SS score was due to a significant (p 
< 0.0001) decrease in the SS (G.I. symptoms) score with 
little or no change (p = 0.37, NS) in the SS (systemic 
symptoms) score. Thirteen patients (86%) indicated a 
satisfactory clinical result. 


Discussion 


Prevalence of Postsurgical Gastroparesis 


Delayed gastric emptying after gastric surgery can be 


attributed to mechanical, inflammatory, or functional 


problems. The reported incidence of this complication 
varies tremendously from 1.6% to nearly 30%, depend- 
ing on the indication for operation and the operation 
performed.5-!! However, the true incidence of PGS is 
closer to 2 or 3%. 

PGS is a diagnosis of exclusion. Once other, well-rec- 
ognized causes of gastric hypomotility, such as advanced 
diabetes, neuromuscular diseases, electrolyte abnormal- 
ities, drug toxicities, and, most notably, hypokalemia 
have been excluded, one must distinguish between me- 
chanical and functional causes of delayed gastric emp- 
tying. Mechanical causes include stomal stenosis or 
edema, kinking or entrapment of the efferent limb in an 
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Fic. 1. Symptomatic response to CG was evaluated, using a modified 
Visick rating and SS Score. Both the overall SS score and the Visick 
rating improved significantly. The improvement seen in overall SS 
score resulted from marked relief of G.I. symptoms with negligible 
change in systemic symptoms. . 


internal hernia, and inflammatory adhesions. When 
these findings are obvious at reoperation, the diagnosis 
is clearcut. Reoperative findings are frequently more 
subtle, however, and consequently there is some contro- 
versy regarding the importance of “mechanical factors” 
in the development of PGS. 

Jordan et al. reported a group of 27 postsurgical pa- 
tients (2% of 1261 patients studied) with delayed gastric 
emptying due to obstructive etiologies.® Half experi- 
enced spontaneous resolution and half required correc- 
tive surgery. The complication was reportedly more fre- 
quent after vagotomy and gastrojejunostomy than after 
vagotomy and pyloroplasty, or partial gastrectomy with 
or without vagotomy. The authors believed strongly that 


-gastric atony is “never the basic problem with failure of 


evacuation following gastric resection” but “may be a 
significant factor after vagotomy and pyloroplasty.” 

By contrast, Cohen and Ottinger analyzed 46 patients 
who experience delayed gastric emptying after gastric 
surgery, and of whom eleven (24%) ultimately required 
reoperation.” The complication was more common in 
patients undergoing partial gastrectomy when resection 
was combined with vagotomy. In nine of the eleven 
patients, the stoma was patent at reoperation. The au- 
thors concluded that mechanical factors contributed to 
delayed gastric emptying in only 10% of their patients. 
They emphasized that upper G.I. contrast studies were 
rarely helpful in the evaluation and management of 
these patients. 

Other authors have commented that vagotomy com- 
bined with gastric drainage procedures, such as pyloro- 
plasty or gastrojejunostomy, in patients with gastric 
outlet obstruction may result in a high incidence of post- 
operative delayed gastric emptying.!°'' Kraft et al. ob- 
served a fivefold higher incidence of delayed gastric 
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emptying in patients undergoing vagotomy and gastric 
drainage for “obstructing ulcers” when comparing it 
with that of patients undergoing the same operation for 
nonobstructing ulcers (27% yersus 5%), but failed to 
demonstrate a similar difference in patients treated by 
hemigastrectomy with or without vagotomy.!° Other au- 
thors have confirmed the high incidence of delayed gas- 
tric emptying after vagotomy and gastrojejunostomy for 
obstructing ulcers, but have not shown a similar associa- 
tion after vagotomy and pyloroplasty.*!! 


Physiologic Basis of Gastric Emptying Disorders 


The last decade has witnessed a significant growth in 
our understanding of normal motility. Improved and 
practical methods for studying gastric motor function 
have yielded insights into the pathophysiology of gastric 
dysmotility. There is increasing evidence that the stom- 
ach is separated into two functional compartments, and 
that each compartment is involved in the emptying of 
specific components. 

The proximal stomach is responsible primarily for the 
emptying of liquids. Swallowing relaxes the proximal 
stomach wall and causes inhibition of slow, sustained 
contractions. This phenomenon, receptive relaxation, 
permits the proximal stomach to accommodate a large 
volume of food without a significant change in intragas- 
tric pressure.’ The contractile activity of the proximal 
stomach is controlled chiefly by inhibitory vagal fibers. 
AS a consequence, vagal denervation of the proximal 
stomach abolishes the receptive relaxation response and 
alters gastric emptying of liquids. 

The distal stomach or antrum is responsible for the 
handling of solids. Electromechanical activity in the dis- 
tal stomach differs from that in the proximal stomach. 
Contractions or peristaltic waves are initiated high in the 
antrum in response to gastric pacemaker activity and 
propagate distally towards the pylorus.’ As the peristal- 
tic wave approaches the distal antrum, the pylorus 
closes, retropelling the mixture proximally for further 
mixing and grinding. Once solids have been reduced to 
particles of <2 mm, they are propelled into the duode- 
num.'* Indigestible solids that cannot be triturated or 
reduced in size are swept from the stomach by interdi- 
gestive myoelectrical complexes, which occur cyclically 
every 2 hours.'!? These complexes are affected by neural 
stimuli and a variety of putative hormones, most nota- 
bly motilin. 

PGS can result from any intervention that disturbs 
normal gastric motility. Vagal denervation of the proxi- 
mal stomach, which occurs after highly selective or pari- 
etal cell vagotomy, abolishes the receptive relaxation re- 
sponse and increases the rapidity of liquid emptying.'* 
However, studies of parietal cell vagotomy in humans 
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have shown relatively little effect on solid meal empty- 
ing or intestinal transit, compared with selective or 
truncal vagotomy with gastric drainage.'>'® 

Although antrectomy markedly increases solid emp- 
tying, abolishes retropulsion of gastric contents neces- 
sary to insure adequate mixing and grinding, and de- 
stroys the ability of the stomach to discriminate between 
liquids and solids, it only slightly increases gastric emp- 
tying of liquids.'!”'® To assess the importance of the 
proximal gastric remnant to PGS, Jordan et al. per- 
formed radiologic studies and intragastric pressure mea- 
surements in a series of 46 patients undergoing subtotal 
gastrectomy without vagotomy.’ Of the 42 patients 
who underwent barium contrast studies, only two pa- 
tients (5%) exhibited of gastric peristalsis. Similarly, 
pressure measurements obtained in 28 patients were ab- 
normal in 25 (90%); only three patients had contractions 
exceeding 15 mm of mercury. They concluded that 
rapid emptying after subtotal gastrectomy is indepen- 
dent of effective peristalsis in the gastric remnant and 
suggest that gastric atony per se is not the primary factor 
responsible for “early” postsurgical gastric retention. 


Diagnosis 


Patients with postsurgical gastric emptying disorders 
present with a variety of complaints and are frequently 
stereotyped as ““‘albatrosses.”” Empirical treatment based 
on clinical findings alone is often inappropriate and may 
result in prescribing drugs that are habituating or, per- 
haps even worse, physically harmful by virtue of severe 
side effects. Until recently, tests such as saline loading, 
barium contrast, upper G.I. examinations and endos- 
copy were relied on for establishing the diagnosis of gas- 
tric emptying disorders. 

Barium studies and endoscopy may be useful in ruling 
out associated pathology. Saline or water loading tests 
are performed by instilling a fixed volume of fluid into 
the stomach and withdrawing whatever remains 30 
minutes later. Residual volumes in excess of 200 ml 
with a loading volume of 750 mi have been thought by . 
some to indicate delayed gastric emptying. !? These tests 
are difficult to standardize and are relatively insensitive. 
They provide no information regarding solid emptying 
and therefore have limited usefulness. 

Radioisotopic scans provide a reliable, noninvasive 
means of assessing gastric emptying. However, these 
tests have inherent limitations. For example, the results 
of liquid emptying scans can differ appreciably because 
of intragastric dilution by secretions or duodenogastric 
reflux. Solid scans, on the other hand, have been 
plagued by problems related to rapid dissociation of the 
isotope from the meal, possible absorption by the gut 
mucosa, and the effect of “phase changes” resulting 
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from liquefaction of solids by the stomach. The methods 
for performing gastric emptying tests differ appreciably 
between institutions. The development of standardized 
solid phase gastric emptying tests such those described 
by Minami and McCallum!’ or Conrad et al.” would 
greatly reduce the variability in results that is caused by 
diverse methodology. 

The diagnosis of patients and gastric emptying dis- 
orders should never be based on clinical findings alone. 
In one study, Pellegrini et al. evaluated 48 patients sus- 
pected of having gastroparesis with quantitative solid 
phase GES.* Only 48% of the patients experienced de- 
layed gastric emptying. The remaining 27 patients expe- 
rienced either normal or rapid gastric emptying. AIl of 
these patients had been evaluated with upper G.I. radio- 
logic and endoscopic examinations. In nearly all cases, 
the barium studies were normal or showed changes ex- 
pected from previous surgery. Nearly 75% of the endo- 
scopic examinations were also normal. The remaining 
studies showed a variety of pathologic changes, most 
commonly gastritis. Changes in gastric emptying that 
were measured in 15 patients after treatment correlated 
with the clinical response. The observation that barium 
contrast studies correlate poorly with solid phase radio- 
nuclide GES has been confirmed by others.” 


Medical Therapy 


Until recently, the medical treatment of PGS has been 
disappointing. Diet and behavior modification may be 
helpful in selected patients. Drugs such as opiates, anti- 
cholinergics, beta agonists, and tricyclic antidepressants, 
along with high concentrations of alcohol intake and 
cigarette-smoking, have been shown to delay gastric 
emptying and should be avoided. 

Several classes of drugs have been administered to 
gastroparesis patients with variable results. Bethanechol 
is a cholinergic agent that is related structurally and 
pharmacologically to acetylcholine. The drug stimulates 
parasympathetic nervous system activity and causes rel- 
atively selective contraction of the stomach and urinary 
bladder. Therapeutic doses in humans (10-50 mg orally 
or 2.5-10 mg subcutaneously administered three or four 
times datly) have little effect on heart rate, blood pres- 
sure, or peripheral circulation. Adverse effects occur 
more commonly after subcutaneous administration. 

Several clinical studies have shown bethanechol to be 
effective for postvagotomy gastric stasis.” Sheiner and 
Catchpole demonstrated effective gastric contractions in 
six postvagotomy patients after subcutaneous adminis- 
tration of 2.5-5 mg bethanechol chloride.”'! Four of 
these patients (67%) had failed to develop gastric peri- 
stalsis after previous intravenous (J.V.) administration 
of 10-20 mg metoclopramide. Treatment with oral 
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bethanechol for an additional 48-72 hours resulted in 
symptomatic improvement in all six patients. Although 
four patients remained free of symptoms, two patients 
required retreatment with bethanechol several weeks 


later for recurrent symptoms. Both of these restimulated 


patients remained symptom-free thereafter. The authors 
concluded that bethanechol treatment is effective fcr 
early postvagotomy gastric stasis, but cautioned that 
prolonged therapy and less uniform results should be 
anticipated in patients presenting with late symptoms 

In a later study, Malegelada at el. used manometry t0 
evaluate gastric motor function in patients with severe 
postsurgical or diabetic gastroparesis and in asympto- 
matic postsurgical patients.” Both bethanechol and mz- 
toclopramide temporarily stimulated gastric motility. A 
key finding in patients with diabetic or PGS was tie 
absence of cyclical phase III gastric activity (interdiges- 
tive migrating motor complexes), despite normal actrv- 
ity in the small bowel. Metoclopramide stimulated gas- 
tric Phase III activity and augmented gastric intra‘u- 
minal pressure in patients with PGS, suggesting tkat 
gastroparesis is potentially reversible and may reflec a 
“regulatory abnormality rather than a primary organ 
failure.” 

Metoclopramide is a drug that is structurally relazed 
to procainamide but which has no procainamide activ- 
ity pharmacologically. It has both central nervous gys- 
tem and periphreal G.I. effects.? Centrally metocorra- 
mide is a potent antiemetic, primarily because of anti- 
dopaminergic activity. Peripherally, metoclopramide 
increases lower esophageal sphincter tone, enharces 
gastric emptying, and shortens small bowel transit t:me 
via cholinergic and antidopaminergic mechanisms. ' 

Metoclopramide has proven effective in several sud- 
ies of postsurgical gastroparesis.77-*> McClelland and 
Horton demonstrated markedly improved gastric emp- 
tying of a radionuclide labeled solid test meal in 17 cf 20 
patients (85%) with “early” PGS treated by I.V. admin- 


istration of metoclopramide (0.3 mg/kg body weiglt).~° 


At reoperation, the three nonrespondants prove to 
have mechanical causes for gastric outlet obstruc:ion. 
Patients who responded initially to I.V. metoclopramide 
were randomized to receive metoclopramide orally or 
not along with a frequent small-feeding postgastrectomy 
diet. During a follow-up of 3-27 months, the eight pa- 
tients who received metoclopramide demonstrated no 
further evidence of impaired gastric emptying. By zom- 
parison, the nine patients receiving placebo all Cevel- 
oped postprandial nausea and vomiting and had io be 
placed on metoclopramide. None had further G.I. zom- 
plaints. 

Perkel et al. also evaluated 55 patients with delayed 
gastric emptying who had been treated with mezoclo- 
pramide.? This study included 21 patients who hed un- 
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dergone previous vagotomy and drainage procedure. 
Metoclopramide significantly decreased the symptom 
scores of the surgical patients compared with those who 
had received placebo. Curiously, the symptom score 
also improved in the placebo group, although it did not 
reach statistical significance. 

Other authors have questioned the efficacy of meto- 
clopramide in PGS.* Pellegrini et al. treated 19 gastro- 
paretic patients with metoclopramide, including ten 
who had had no antecedent gastric surgery (e.g., diabetes 
mellitus, chronic renal failure) and nine who had had 
previous gastric surgery. The response rates observed for 
the two groups were 60% and 22%, respectively. We 
were also unable to confirm the usefulness of metoclo- 
pramide (or other gastrokinetic agents) in our patients 
with documented PGS, Presumably the absence of the 
antrum limits the ability of the remaining gastric rem- 
nant to respond to the drug. Metoclopramide has been 
shown to increase fundic motility, even after vagot- 
omy.” However, the effectiveness of fundic contrac- 
tions may be related not only to the functionality, of this 
compartment, but also to its size or mass. It is plausible 
that, in patients who fail metoclopramide therapy after 
extensive distal gastric resection, the residual fundic 
compartment, although functionally drug-responsive, is 
simply too small to increase intragastric pressure enough 
to affect gastric emptying. 

Other gastrokinetic drugs have recently been admin- 
istered to patients with gastric stasis. Domperidone is a 
dopamine antagonist that stimulates G.I. motility, has 
no cholinergic effects, and does not cross the blood- 
brain barrier.’ The lack of central nervous system ef- 
fects, particularly that of dystonic extrapyramidal reac- 
tions, makes it an attractive alternative to metoclopra- 
mide. Although initial trials in patients with diabetic or 
idiopathic gastroparesis have been encouraging, there is 
virtually no data regarding the use of this agent in PGS. 


Rigorous clinical trials will be necessary to establish the | 


efficacy of domperidone i in this setting. 

Cisapride is a new gastrokinetic drug with no antido- 
paminergic actions. It seems to act directly on the gut by 
facilitating release of acetylcholine at the myenteric 
plexus. In humans, I.V. administration of a single 8 mg 
dose of cisapride has been shown to accelerate gastric 
emptying, intensify antral contractions, and shorten in- 
testinal transit time comparable to a 10 mg dose of me- 
toclopramide.” In one recent study, Jian et al. evaluated 
gastric emptying in 60 patients with postprandial dys- 
peptic symptoms (nausea, vomiting, bloating, or sense 
of fullness) and: normal upper G.I. endoscopy.” The 
study included 44 patients with medically related or 
idiopathic gastroparesis and 16 patients with PGS. In 
ten patients, gastric emptying was studied before and 
after administration of an 8 mg I.V. dose of cisapride or 
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placebo. Cisapride enhanced gastric emptying in nearly 
70% of patients, particularly those with pre-existing gas- 
tric stasis. The drug appeared to be equally effective in 
patients with idiopathic or postvagotomy gastroparesis. 
Cisapride is not yet approved for use in this country. 
Additional studies will be needed to determine more 
fully the role of this gastrokinetic agent in PGS. 


Surgical Treatment 


The role that surgery plays in patients with PGS is not 
well-defined. Despite its protracted course and treat- 
ment, “early” PGS responds favorably to nasogastric 
decompression and nutritional support. In the absence 
of mechanical causes of gastric outlet obstruction, reop- 
eration in this setting is rarely necessary. However, be- 
fore the introduction of parenteral hyperalimentation 
reoperation for placement of a feeding, jeyjunostomy was 
often required to provide enteral nutrition. !®!! 

It is clear that “early” PGS can occur after vagotomy 
combined with either drainage or partial gastrectomy 
and is more likely to occur in patients undergoing sur- 
gery for obstructing peptic ulcers.?-'!' Some authors ad- 
vocate early reoperation for PGS, citing as justification a 
high incidence of mechanical problems.’ However, the 
vast majority of investigators recommend a more con- 
servative approach.””!' The importance of conservatism 
in PGS is underscored by an article published in 1976 by 
Cohen and Ottinger.? These authors evaluated 46 pa- 
tients who developed delayed gastric emptying after 
partial gastric resection with and without vagotomy. Of 
this group, ten (22%) underwent reoperation an average 
of 30.5 days (range 9~98 days) after the initial proce- 
dure. At reoperation, stomal patency was verified in 
eight of the ten patients (80%). Additional findings in- 
cluded inflammatory adhesions around the anastomosis 
in four patients, kinking of the jejunostomy limbs in 
four patients, and minimal or no abnormal findings in 


' two patients. Despite correction of the “apparent” pa- 


thology encountered at reoperation, the average postop- 
erative time required for resumption of a solid diet was 
21.3 days (range 7~49 days). The average time required 
for patients with “mechanical” problems (kinked je- 
junal limbs) to resume a solid diet after reoperation was 
22 days, compared with 16 days for patients with more 
equivocal evidence of mechanical obstruction. In the 
absence of additional endoscopy or radionuclide gastric 
emptying data, it is interesting to speculate about the 
true case of delayed gastric emptying in these patients 
and to question the appropriateness and timing of reop- 
eration. 

Reoperation in patients with suspected PGS should 
not be undertaken lightly. The approach to diagnosis 
and management should be systematic and thorough. 
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Upper G.I. endoscopy and, possibly, barium contrast 
studies should be obtained to rule out associated pathol- 
ogy that could contribute to delayed gastric emptying. A 
quantitative solid phase radionuclide scan should be ob- 
tained to objectively document the rate of gastric emp- 
tying and possibly to assess the response to gastrokinetic 
agents such as metoclopramide. Finally, a dedicated 
small bowel contrast study should be ordered to exclude 
the possibility of a generalized motor disorder of the 
intestinal tract. 

Once the diagnosis of PGS has been established, a 
program of diet modification and pharmacotherapy 
should be initiated. Any drugs that can retard gastric 
emptying should be eliminated. Clinical responses to 
gastrokinetic agents should be verified objectively with 
follow-up gastric emptying scans. Counselling may be 
helpful for patients with behavioral problems and mal- 
adaptive learning.”® 

The appropriateness and type of surgical remediation 
is critical for insuring a reasonable outcome in patients 
with PGS. Patients with pre-existing vagotomy and 
drainage procedures may respond to conservative an- 
trectomy (30% distal gastric resection) and Billroth I or 
II reconstruction. Alternatively, a 40-50 cm Roux-en-Y 
limb of jejunum may be used to re-establish G.I. tract 
continuity. The one caveat to using a Roux-en-Y recon- 
struction is the possibility of worsening gastric stasis 
during the early postoperative period.” Preservation of 
an adequate fundic compartment in this setting may be 
necessary to generate intragastric pressures high enough 
to insure adequate gastric emptying. Whenever possible, 
gastric motility studies should be performed before sur- 
gery to assess fundic motor activity and the response to 
gastrokinetic agents. 

There are relatively few surgical options for patients 
who have undergone multiple previous gastric opera- 
tions, including hemigastrectomy or distal subtotal re- 
section. The reservoir capacity of the residual gastric 
remnant has already been compromised by the previous 
surgery. Simple revision of the pre-existing gastrojejunal 
anastomosis or limited re-resection may be inadequate, 
especially in patients with a diminuitive gastric fundus 
that is unresponsive to gastrokinetic agents. In our 
series, all but one of the 15 patients had undergone a 
previous gastric resection, and nine patients (60%) had 
been reconstructed with the Roux-en-Y technique. Pre- 
operative administration of metoclopramide and/or 
other gastrokinetic agents improved radionuclide scan 
evidence of delayed gastric emptying in only a small 
percentage (<10%) of patients and failed to provide 
symptomatic relief. Without a barostat to measure gas- 
tric motor activity (changes in intragastric volume at a 
constant intragastric pressure) and a low-perfusion 
manometric system to measure intestinal pressure activ- 
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ity, it is unclear whether the gastroparesis we observed 
was due to hypotonicity of the gastric pouch, incoordi- 
nation of efferent limb motor activity, or a combination 
of both factors. 


Summary and Conclusions 


In our series, CG provided subjective relief of symp- 
toms in approximately 85% of patients with docu- 
mented PGS. Two patients (13%) were unsatisfied with 
the clinical outcome, yet in retrospect, but had some- 
what unrealistic expectations. CG was accomplished 
with no operative mortality. Complications developed 
after surgery in one third of patients, but none were 
related to the esophagojejunal anastomosis. Based on 
this limited experience, we feel that CG, although seem- 
ingly radical, may be the treatment of choice for care- 
fully selected patients with well-documented PGS. 
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DISCUSSION 


Dr. E. R. WOODWARD (Gainesville, Florida): I would like to ask the 
authors how many of their patients had had a Roux-en-Y reconstruc- 
tion. In our experience, this accounts for the vast majority of patients 
with intractable delay in gastric emptying. We presented before this 
Association in 1981 our results with the experimental reproduction of 
this syndrome in the animal. At that time we presented in the discus- 
sion 13 patients who had been treated by near total gastrectomy. Mild 
dumping had developed in one patient and bezoars developed in three 
patients. However, the results had been excellent in nine patients. 

In 1982, we presented at the Surgical Forum our results with the 
pharmacologic treatment of this syndrome in the experimental animal. 
Metoclopramide (Reglan) proved to be completely ineffectual, 
whereas bethanecho! regularly improved gastric emptying. This has 
also been our experience in postoperative patients after vagotomy and 
antrectomy; metoclopramide is essentially worthless. Some patients 
will improve, occasionally dramatically, with bethanechol therapy, 
and this should always be tried before resorting to radical surgery. 

We have now performed total or near total gastrectomy in 34 pa- 
tients with the Roux-en-Y syndrome. Twenty-six of the 34 patients are 
graded Visick I or Il. However, eight patients have intermittent bezoar 
formation, but with no further vomiting. In some patients the delay in 
emptying is partly or even wholly in the Roux-en-Y limb and this will 
account for the occasional suboptimal result with radical gastrectomy. 


DR, JOHN L. SAWYERS (Nashville, Tennessee): Postsurgical gastro- 
paresis syndrome is being seen by Dr. Herrington and me with in- 
creasing frequency, especially in women who have had revision of their 
original gastric operation to a Roux-en-Y gastrojejunostomy. The 
atonic gastric pouch fails to respond to any medication. 

The question has not been satisfactorily answered, as Dr. Woodward 
alluded to, as to whether the problem lies with the Roux jejunal limb or 
the vagotomized gastric pouch, or both. 

Studies by Dr. Bill Richards in our laboratory indicate that the 
gastric pouch is usually the culprit. 

Over 10 years ago, Dr. Herrington and I reached the same conclu- 
sion as Dr. Eckhauser that these unfortunate patients are best managed 
by total or near total gastrectomy. Dr. Herrington unfortunately could 
not be here today, but asked me to tell you that he has operated on 30 
such patients. One of Dr. Herrington’s patients had nine previous 
gastric operations before total gastrectomy was done. This patient has 
been observed for 7 years with a satisfactory result. 

Dr. Eckhauser reported a satisfactory result in 86% of his patients. 
Dr. Herrington, in his personal series of 30 patients, had a similar 
percentage of good results. I, however, have not been so fortunate. 

The authors emphasize selecting patients, I want to emphasize this 
point of careful patient selection. 

On my service we now require an extensive study, including direct 
measurement of gastric and jejunal motility by intraluminal catheters 
to distinguish gastric pouch atony from jejunal limb dysfunction. Only 
those patients with isolated gastric atony will respond to completion 
gastrectomy. Also, psychiatric evaluation is recommended to identify 
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and eliminate the “nervous pukers,” a group of patients with similar 
symptoms. Also, many of these patients are dependent on analgesics. 

My experience with total gastrectomy in these patients has resulted 
in only a 50% success rate on a long-term basis. 

Almost every patient did well initially, but within 3-6 months 
symptoms of abdominal pain, nausea, and vomiting began to return 
even though investigation failed to reveal an organic cause for these 
symptoms. 

I enjoyed this paper. I congratulate the authors and bring you opti- 
mistic, similar good results from my colleague, Dr. Herrington, but 
personally want to add a note of caution in applying this operation. 
Patients should be carefully selected for this remedial operation. 

I would like to ask Dr. Eckhauser what happened to those few 
patients who did not have successful results. 


DR. RONALD A. HINDER (Omaha, Nebraska): At Creighton Uni- 
versity we have had similar experience with gastric resectional surgery 
for this problem. We have operated on 18 patients similar to those of 
Drs. Eckhauser, Woodward, and Sawyers. 

(Slide) The procedure that we have used is a near total gastrectomy. 
We have been satisfied with leaving approximately a 50-ml gastric 
pouch. This allows for a safe anastomosis large enough to allow for 
adequate emptying. I would like to know from Dr. Eckhauser exactly 
how big he makes the proximal gastric pouch. 

I agree with Dr. Woodward that most of these patients have had 
previous Roux-en-Y operations that failed. All of our 18 patients had 
had a previous Roux-en-Y procedure. 

(Slide) I would like to briefly show you the gastric emptying data that 
we have on our 18 patients. Before operation there is stasis of the solid © 
meal in these patients’ stomachs. The liquid meal empties satisfacto- 
rily, which supports the findings of Dr. Eckhauser and explains why 
barium empties adequately and solids are retained. We also found that 
pharmacologic efforts to speed the gastric emptying of solids with 
similar drugs to those used by Dr. Eckhauser and other discussants 
were of no value. 

After extensive gastric resection, solids and liquids both emptied 
extremely rapidly from the stomach. Dumping symptoms occurred in 
two of our patients. I would like to ask Dr. Eckhauser what his experi- 
ence has been with dumping after this procedure? 

We are aware of the fact that it may take many years after gastric 
surgery for unpleasant symptoms to develop. The follow-up in Dr. 
Eckhauser’s study is only a mean of just over 1 year. I wonder how 
much longer he believes he needs to wait before he can say that these 
operations have been successful? 

We also have Roux-en-Y patients with stomal ulcers. They had low 
gastric acidity, no duodenogastric reflux, and no foreign bodies within 
the ulcers. I would like to know from Dr. Eckhauser what he believes 
caused these ulcers after all the accepted causes of gastric ulcer have 
been excluded. l 

Finally, all of our patients requiring revisional surgery had had a 
previous Roux-en-Y procedure. I would like to remind you of an 
alternative proceduré against duodenogastric reflux shown by Tom 
DeMeester at this meeting last year. In the duodenal switch procedure 
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the stomach is left intact, the vagus nerves do not have to be divided, 
the pylorus is left intact, and yet the duodenal content is diverted away 
from the stomach. So far he and I have used this procedure in 20 
patients for the treatment of duodenogastric reflux and have had no 
problems with gastric stasis. 


Dr. C. PELLEGRINI (San Francisco, California): We agree with the 
overall concept presented by Dr. Eckhauser that in some patients, after 
a partial gastrectomy has been performed, the remainder of the stom- 
ach acts as a barrier for the aberrant transit of food between the esopha- 
gus and the intestine. 

We were glad to see that some of these patients actually did not have 
a Roux-en-Y procedure because we believe that the Roux-en-Y has 
been incorrectly blamed for the cause of the gastroparesis that some- 
times follows the conversion of a Billroth-II to a Roux-en-Y. We agree 
with Dr. Sawyers, that at least in our studies, the stomach has been the 
culprit and not the Roux-en-Y. 

We believe that there are three crucial items with regard to the 
work-up of these patierits and to the selection of those that undergo 
surgery. We wonder if the authors will agree with them. 

First, one should make certain that the patient does not have disease 
in another organ, such as the pancreas, which sometimes mimics the 
symptoms of postgastrectomy gastroparesis. 

Second, one should not incorrectly diagnose gastroparesis. This can 
be avoided by careful studies, as they pointed out, involving gastric 
emptying and manometry if possible. 

Third, one should study the esophagus and the intestine to deter- 
mine whether or not the motility disorder is just a problem of the 
stomach. 

I would like to ask two questions. Why do you leave a gastric pouch 
and when you do, how big is the pouch? I am not sure if in treating 
gastroparesis one is doing the patient a favor by leaving a gastric pouch. 
We do not when we do this operation. 

The second questior: relates to how far have you been able to explore 
the cause of the disease that led to the first operation in these patients. 
In our experience the majority of patients that ended up having a 
completion gastrectomy had their first operation performed for rea- 
sons other than the typical peptic ulcer disease. If one looked at the 
initial operative record, either the ulcer was not found or the patient 
had duodenitis or some other cause of symptoms. 


Dr. HARVEY J. SUGERMAN (Richmond, Virginia): I rise to question 
Dr. Eckhauser’s choice of a completion gastrectomy in a patient who 
had previously undergone gastroplasty. We have also found problems 
with delayed gastric emptying in patients in whom we try to fix a failed 
gastroplasty, and now convert patients from a failed gastroplasty to a 
Roux-en-Y gastric bypass—a much easier and safer procedure than a 
completion gastrectomy. Why couldn’t you have converted this pa- 
tient to a gastric bypass with a small gastric pouch above the previous 
horizontal staple line? 


Dr. KEITH A. KELLY (Rochester, Minnesota): We have recently 
reviewed a series of 40 patients who underwent extensive Roux-en-Y 
gastrectomy for chronic gastric atony at Mayo. Although we agree with 
Dr. Eckhauser that most of the patients were improved by the opera- 
tion, about one third were not. These patients had long-term problems 
at follow-up 3 years after operation. My question is: is there any way 
that we can determine which patients will improve after the operation 
and which will not? 


DR. FREDERIC E. ECKHAUSER (Closing discussion): I thank the 
discussants for their comments. We had hoped to stimulate a little 
discussion, and from the response it seems that we have been suc- 
cessful. i 

Drs. Woodward, Sawyers, and in absentia Dr. Herrington, have 
contributed greatly to our understanding of gastric physiology and 
pathophysiology over the years, and I will try to address a few of your 
questions as well as I can. 

Dr. Woodward, of the total group of 15 patients, nine ultimately had 
been converted to a Roux-en-Y anastomosis and presented to us with 
that configuration. 

Although it is true that some investigators have suggested that a 
denervated gastric fundus is insensate or unresponsive to metoclopra- 
mide or other gasirokinetic agents, there is now some additional data 
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to suggest that even a vagotomized stomach can <a least to 
metoclopramide. This may, in part, explain why we observed a partial 
response in one of our patients who had been treated with previous 
partial gastrectomy and vagotomy. 

One problem may be that there is simply insufficient fundus to 
provide enough propulsive force to empty the gastric remnant irrespec- 
tive of whether it has the capability of responding or not to a gastro- 
kinetic agent. 

We agree with Drs. Sawyers and Pellegrini that it is important to 
differentiate whether the problem lies primarily with the gastric pouch, 
with the jejunal segment, or with both. Something that I neglected to 
mention during the presentation was that a dedicated small bowel 
study is obtained routinely in these patients in an effort to rule out 
pseudo-obstruction of the gastrointestinal tract or some more specific 
hypomotility disorder of the small bowel. 

Dr. Sawyers, the one unsuccessful patient that we had was a woman 
who had undergone at least three previous procedures. She underwent 
successful completion gastrectomy, but significant bowel obstruction 
developed in the postoperative period. We were unwise enough to 
reoperate on this woman within 14 days of her operation and found 
her adhesions to be so dense that we literally could do nothing other 
than to place antegrade and retrograde jejunostomy tubes for decom- 
pression and feeding, respectively. She was discharged home receiving 
enteral tube feedings and has remained that way for the ensuing 6 
months. 

Our experience with dumping after completion gastrectomy for 
postsurgical gastroparesis has been limited to one or two patients who 
perhaps had exacerbation of their symptoms. Nothing was done to 
objectively determine whether or not we had worsened the dumping 
syndrome. Most of the patients were so relieved by their ability to take 
solid food that the additional problems related to dumping seemed to 
be of lesser significance. 

With respect to the ulcers that we noted in four of these patients, 
three had pentagastrin-resistant achlorhydria and normal serum gas- 
trin levels. We can only speculate that perhaps this situation is analo- 
gous to the patient with a gastric ulcer who has hypochlorhydria, in 
whom stasis in the gastric remnant and/or exposure to biliary secre- 
tions may be the most significant factor contributing to the ulcer 
‘diathesis. 

Dr. Pellegrini, we agree as do many others that conversion to a 
Roux-en-Y configuration runs the risk of early exacerbation of gastric 
dysmotility. However, this tends to be a relatively self-limited problem. 
Studies by many investigators have demonstrated that the delayed 
gastric emptying attributed to the Roux-en-Y conversion is not a per- 
manent problem, at least in the majority of patients. Nonetheless, I , 
believe it is important if you have the technical ability to perform 
motility studies of both the gastric remnant and the jejunum in an 
effort to distinguish the site of the problem. 

Why leave any gastric pouch? Because of previous experience with 
esophagojejunal anastomotic leak rates of up to 20% in the hands of 
experienced surgeons throughout the country, we reasoned that by 
leaving a very small remnant that is literally just large enough to sew to 
and has no storage capacity, we could reduce the leak rate. We are 
fortunate in that we have been able to virtually eliminate this dreaded 
complication of completion gastrectomy. 

We tried to track down why these patients originally had had their 
operations done. We were unable to obtain most of the original opera- 
tive notes. However, on questioning the patients carefully, it became 
apparent that the operations were done because of complications of 
peptic ulcer disease. 

Dr. Sugarman, the one patient who had undergone the gastroplasty 
or gastric restrictive procedure had been operated on at least three 
times. Not only was his staple line totally dehisced, but the solid phase 
gastric emptying study we did before operation showed that his gastric 
pouch had virtually no propulsive activity. We believed that anything 
less than a completion gastrectomy would not have corrected his 
problem. 

Dr. Kelly, I appreciate your comments and have long been an ad- 
mirer of your efforts in this area. We currently have no means for 
distinguishing between patients who will do well after completion gas- 
trectomy versus those who will not. I believe one of the shortcomings 
of the study is a mean follow-up period of just a little over | year. I am 
certain that we may learn more about these patients if we are able to 
observe them over a longer period. 
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Between 1970 and 1988, 149 patients with carcinoma of the 
cardia were operated on at the Lahey Clinic. Of these patients, 
127 (85%) underwent resection; 23 (18.1%) were of a palliative 
nature. More than 75% had Stage III and IV disease. One 
patient (0.8%) died within 30 days of the operation of a myo- 


cardial infarct. Two other patients failed to leave the hospital. 


Of 25 postoperative complications, 14 (11%) were considered 
major. Palliation of dysphagia was successful in 80% of pa- 
tients. The actuarial 5-year survival rate was 22.4%. Of pa- 
tients with Stage I and II disease, 36.6% survived for 5 years, 
and of patients with Stage HI disease, 22.5% survived. No 
patient with Stage IV disease lived for longer than 1 year. It is 
concluded that limited esophagogastrectomy can be performed 
in most patients with carcinoma of the cardia with low mortal- 
ity and morbidity and with satisfactory long-term survival. 


creasingly important part of the thoracic sur- 

geon’s practice. The declining incidence of car- 
cinoma of the stomach apparently has not affected carci- 
noma involving the upper stomach and esophagogastric 
junction so that it now accounts for more than 30% of 
all gastric centers.'* In our experience, approximately 
half of the esophagogastrectomies performed are for 
cancers of the cardia.* The surgical management of pa- 
tients with cancer of the cardia, however, is controver- 
sial, not only with regard to the surgical approach, but 
also to the extent of resection. A thoracoabdominal in- 
cision, left thoracotomy, the Ivor Lewis approach,” and 
transhiatal resection® have their supporters, and in an 
effort to improve long-term survival, considerable inter- 
est has currently been shown in extending the operation 
to total esophagectomy,° total gastrectomy,’~'° or total 
gastrectomy and esophagectomy.''!? We prefer a lim- 
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ited esophagogastrectomy, usually through a left tho- 


. racic incision, with an intrathoracic esophagogastros- 


tomy, a policy in keeping with current re-evaluation of 
the classic concepts favoring radical excision of the pri- 
mary tumor and regional lymph nodes for cancers in 
other locations. This paper reviews our experience with 
this approach, documenting the risks of the operation in 
terms of mortality and morbidity and evaluating its ef- 
fectiveness in providing palliation of dysphagia and 
achieving long-term survival. 


Materials and Methods 


Carcinoma of the cardia was defined as a carcinoma 
arising in the upper third of the stomach and involving 
the esophagogastric junction and lower esophagus. Ade- 
nocarcinoma in Barrett’s esophagus, squamous cell car- 
cinoma of the esophagus, cancer of the stomach arising 
in the gastric corpus, and diffuse cancers of the linitis 
plastica variety were excluded, even though they might 
involve the esophagogastric junction. Staging followed 
the criteria established by the American Joint Commit- 
tee of the American Coilege of Surgeons for carcinoma 
of the esophagus’? rather than that of the stomach, be- 
cause the surgical approach to lesions at the cardia and 
lower esophagus is the same and because we have found 
no difference in survival after resection between the two 
lesions.* Only patients operated on during 1970-1988 in 
the senior author’s department were included in this 
study. Of 149 such patients, 127 (85%) proved at opera- 
tion to have a resectable lesion. Meaningful data con- 
cerning operability rates were available from July 1979 
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to January 1988. Patients who had their initial operation 
elsewhere, as well as those who refused operation or 
went elsewhere for treatment, were excluded. Of 118 
patients diagnosed as having carcinoma of the cardia 
during that period, 108 underwent operation, for an 
operability rate of 91.5%. 

Follow-up was obtained on all patients within the past 
6 months. Evaluation was based either on direct exami- 


nation or the response given to letters or telephone calls - 


to the patient, the patient’s relatives, or the patient’s 
physician. An important aspect of the follow-up evalua- 
tion was the success or failure of the operation in reliev- 
ing dysphagia. Information on this point was available 
for 120 of the 124 patients who were discharged from 
the hospital. Survival data were analyzed by the Ka- 
plan-Meier actuarial method and adjusted for hospital 
and noncancer deaths. 


Pathology 


These 149 patients represent nearly half of the 310 
cancers involving the esophagus and cardia for which 
operations were performed during the period under re- 
view. Eighty-four of the tumors involved the lower tho- 
racic esophagus, 70 involved the upper thoracic esopha- 
gus, and seven involved the cervical esophagus. As ex- 
pected, 141 of the 149 cancers of the cardia were 
adenocarcinomas, and the remainder constituted a mis- 
cellaneous group (Table 1). Postresection staging placed 
more than 75% of the tumors in Stage III and Stage IV. 


Surgical Technique 


Our surgical technique for the management of carci- 
noma of the cardia has been described previously.'*!° 
Briefly, the preferred approach is a left thoracotomy 
through the bed of the nonresected eighth rib, the angle 
of which may be divided for better exposure. The esoph- 
agus is encircled above the lesion, and access to the 
upper abdomen is obtained through a semilunar inci- 
sion in the diaphragm, bordering the costal margin. The 
extent of the lesion is determined, and the presence or 
absence of metastatic disease is ascertained. The short 
gastric vessels are ligated and divided, and the greater 
curvature of the stomach is mobilized, with care being 
taken to preserve the right gastric epiploic artery. The 
gastrohepatic omentum is divided, the stomach is ele- 
vated, and the posterior gastric vessels, including the 
posterior gastric artery and a branch of the left inferior 
phrenic artery, are ligated and divided. The left gastric 
artery is exposed, doubly ligated, and divided at its ori- 
gin from the celiac axis. The stomach is partially divided 
with a gastrointestinal anastomosis (GIA) stapler 
(United States Surgical Corp., Stamford, CT), applied at 
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| TABLE 1. Pathology 
| 





Number 

Lesion 

Adenocarcinoma 14] 

Adenosquamous carcinoma 5 

Histiocytic lymphoma 2 

Mucoepidermoid | 1 

Stage 

I 14 

II 12 

I 88 

IV 13 





right angles to the greater curvature well below the le- 
sion. A thoracoabdominal (TA-90) stapler (United 
States Surgical Corp.) is applied tangentially in such a 
way as to excise a generous portion of the lesser curva- 
ture of the stomach. If extension of the tumor dictates, 
the spleen, a part of the greater omentum, and the tail of 
the pancreas may be included in the resected specimen. 
The two staple lines are then oversewn with interrupted 
nonabsorbable sutures. The hiatus is widened, a rim of 
muscle being excised if involved, and the stomach and 
distal esophagus containing the tumor are advanced into 
the chest. The distal stomach remnant is passed through 
the hiatus to permit an end-to-side esophagogastros- 
tomy without tension at least 5 cm proximal to the pal- 
pable tumor, using an inner layer of running sutures of 
catgut and an outer layer of interrupted silk. A nasogas- 
tric tube is passed across the anastomotic site for postop- 
erative decompression of the supradiaphragmatic stom- 
ach, and the diaphragm and chest are closed with inter- 


- costal tube drainage. Oral feedings are begun 4 or 5 days 


after operation, provided that a contrast radiographic 
study discloses the integrity of the anastomosis. The pa- 
tients are usually discharged from the hospital 10-14 
days after operation. 

Most of the esophagogastrectomies (88) were per- 
formed as described. In 16 patients, laparotomy and 
right thoracotomy (Ivor Lewis) approach was required 
because of proximal extension of the tumor. In ten pa- 
tients, a thoracoabdominal approach was used early in 
the series but is now avoided because it increases mor- 
bidity and appreciably increases operative time. The 
transhiatal approach was used in only seven patients, 
and a colon interposition was required in six patients 
because of insufficient stomach remaining after resec- 
tion. Twenty-three of the resections (18.1%) were con- 


. sidered palliative in that tumor was known to have been 


left behind. 

Twenty-two surgical exploratory procedures were 
performed. Fourteen of these involved intraoperative 
placement of a Celestin tube. Four deaths occurred in 
this group. One patient underwent a side-to-side esoph- 
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TABLE 2, Results of Resection 
Number Percentage SEM 
Mortality 
30-day | 0,8 
Hospital 2 1.6 
Overall 2.4 
Morbidity 
Complications 25 19.7 
Major 14 
Minor I] 
Palliation 
Successful 80 
Survival 
5-year 
Overall 22.4 +4.6 
Curative 27.5 +5,6 
Stages I and II 36.6 +12.0 
Stage III 22.5 +5.7 
Stage IV 0 
Median 
18 months 


agogastrostomy. The remainder were treated in a variety 
of ways, including radiotherapy and chemotherapy, ei- 


ther alone or combined, and insertion of an endo- 


prosthesis. Survival of patients in this group was no bet- 
ter than that of untreated patients. 


Results 


One patient died within 30 days of operation (Table 
2). This patient was classified as having Stage III disease 
and had recovered from the esophagogastrectomy. He 
underwent excision of an anal carcinoma under general 
anesthesia and experienced a fatal myocardial infarct 
the night after the operation. Two other patients died. In 
one patient with Stage IV disease, a postoperative anas- 


tomotic leak required open drainage, and the patient . 


died of a pulmonary embolus 5.5 weeks after operation. 
Another patient with Stage III disease who required sur- 
gical relief of gastric outlet obstruction died of a mesen- 
teric thrombosis 5 weeks after surgery. Thus, the 30-day 
mortality rate was 0.8% and the overall hospital mortal- 
ity rate, 2.4%. 

Complications developed in 25 patients (19.7%) in 14 
of whom these complications were classified as major in 
that they prolonged the patients’ hospital stay. These 25 
patients included five in whom gastrointestinal (G.I.) 
obstruction developed after operation required reopera- 
tion. In two patients, gastric outlet obstruction devel- 
oped at the level of the hiatus, requiring widening of the 
hiatus in one patient and derotation of a twisted stom- 
ach in the other. Gastric outlet obstruction at the py- 
lorus required pyloroplasty in two patients, and ob- 
struction of the colon required surgical correction in 
another. In addition to the two patients who required 
pyloroplasty while in the hospital, an additional six pa- 
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tients required pyloroplasty or pyloromyotomy 2 
months to 3 years after operation. Thus, of the 88 pa- 


_ tients who underwent esophagogastrostomy and in 


whom pyloromyotomy was not performed at the initial 
operation, eight (9.1%) required a subsequent gastric 
drainage procedure. ` | 

Of the three anastomotic leaks, two involved intrath- 
oracic anastomoses. In one patient, leakage developed 
suddenly on the fifth postoperative day, and the anasto- 
mosis was successfully resutured. In the other patient, 
leakage occurred after a palliative esophagogastrectomy 
1 week after operation and was treated by open drain- 
age. This patient died of a pulmonary embolus. The 
cervical anastomotic leak healed with hyperalimenta- 
tion without requiring surgical intervention. Three pa- 
tients with subphrenic abscesses and one patient with a 
postoperative paraesophageal hernia required reopera- 
tion, as did one other patient in whom postoperative 
bleeding developed from a short gastric vessel. Cardiac 
failure in another patient was successfully treated. The 
eleven minor complications that developed included re- 
tained secretions (in five patients) cardiac arrhythmia 
(in four patients), wound infection (in one patient), and 
urinary tract infection (in one patient). 


Palliation 


Relief of dysphagia was classified as good if the patient 
was able to swallow when seen at follow-up examina- 
tion. Patients who had some difficulty swallowing but 
nonetheless were better than before operation were con- 
sidered to have experienced only fair palliation. A poor 
result was indicated by failure to relieve dysphagia or its 
recurrence after an initial period of improvement. Some 
patients required one to three dilations soon after oper- 
ation to achieve the desired result. 

Ninety-six patients (80%) were considered to have ex- 
perienced successful palliation; the result was classified 
as good for 90 patients, and as fair in six. Of the 24 
patients with poor palliation, 14 were thought to have 
had a local recurrence, an incidence of 11.5% of patients 
who had been discharged from the hospital. All but four 
patients also had metastatic disease at the time of recur- 
rence. These four patients with localized disease under- 
went surgical exploration, and the poor results of such 
an approach have already been reported.'° Interestingly, 
in only two of these patients was tumor identified at the 
margin of resection on fixed section, results of frozen 
section at operation having been negative. In four pa- 
tients, an anastomotic stricture required repeated dila- 
tions. In one of these patients, operative revision of the 
stricture was successful. The reasons for poor palliation 
in the remaining six patients were multiple. In two pa- 
tients, extensive submucosal spread of tumor compli- 
cated the cervical esophagocolostomy. One patient had 
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dysphagia caused by a kinked interposed colon that 
needed revision. The reason the remaining two patients 
did not do well is not clear, although they both had 
metastatic disease at the time of death, which may have 
played a role. 


Survival 


Actuarial survival curves for all patients who left the 
hospital, adjusted for noncancer deaths, are depicted in 
Figures 1-3. The overall survival rate at 5 years was 
22.4%, with a median survival of 18 months (Fig. 1). 
The figures for curative resection were 27.5% and 24.3 
months, respectively (Fig. 2). The influence of the stage 
of the lesion on survival is shown in Figure 3. Stages I 
and II are combined because of the small size of the 
sample. In these two stages, 36.6% of the patients sur- 
vived 5 years compared with 22.5% of patients with 
Stage III disease, a statistically significant difference (p 
= 0.02). No patient with Stage IV disease survived for 5 
years. 

A comparison of our results with those of resection for 
squamous cell carcinoma of the esophagus and adeno- 
carcinoma in a Barrett’s esophagus (Fig. 4) revealed no 
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Fic. 1. Adjusted actuarial survival rates for all patients surviving re- 
section. SEM = standard error of the mean; MST = median survival 
time. 
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Fic. 2. Adjusted actuarial survival rate for Delianve resection com- 
pared with curative resection. 


significant differences; 17.7% of the former patients and 
17.3% of the latter group survived 5 years. 


Discussion 


Comparison of these results with those reported by 
others®”!°!7-!9 is difficult because of varying patient 
populations and differences in the surgical approach and 
methods of reporting. Even so, we have listed in Table 3 
the results of some current series of resections for carci- 
noma of the cardia from different parts of the world and, 
when necessary, have adjusted the data to make studies 
comparable. The wide variation in the reported results is 
obvious, but because these studies were published dur- 
ing the past 1 to 3 years, variations cannot be the result 
of inclusion of outdated figures. However, results do not 
demonstrate conclusively any superiority of total gas- 
trectomy over limited resection. To be sure, all of the 
patients of Paolini and associates’ report’? underwent 
total gastrectomy, and their 5-year survival rate was 
among the best; yet, in Hélscher and Siewart’s review!’ 
of the results from 22 surgical departments in Europe, 
82% of the operations performed were total gastrectomy 
and disclosed a much lower 5-year survival. The highest 
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Fic. 3. Adjusted actuarial survival rates according to stage of disease. 


5-year survival rate was that of Moreaux and Msika.’ 
One third of their patients underwent total gastrectomy, 
but they could find no difference in survival of these 
patients and those having more limited resection. Like- 
wise, B. Launois (personal communication, 1988) com- 
pared the results of total gastrectomy in 48 patients and 
upper partial gastrectomy in 41 patients with carcinoma 
of the cardia and could find no difference in the 5-year 
survival. 

Recently, DeMeester and associates!’ have advocated 
‘total esophagogastrectomy for patients with certair: se- 
lected favorable carcinomas of the lower esophagus and 
cardia. However, this radical procedure could be per- 
formed in only 14 of 52 patients and in less than haf of 
the patients undergoing resection. When various statis- 
tical manipulations were resorted to, an adjusted 5-ear 
actuarial survival of 63% was obtained. However, when 
the paper was presented, the figures quoted disclosed 
that only one of four patients at risk survived 5 years, a 
direct 5-year survival rate of 25%. This result is Lttle 
different from the overall results we are reporting, par- 
ticularly when one considers that 18.1% of the resecttons 
were palliative and considerably less good than the 
36.6% 5-year survival for patients with Stage I and II 
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disease who are presumably somewhat similar to De- 
Meester’s carefully selected patients. Although the hos- 
pital mortality rate of 7% reported by DeMeester et al.!! 
is certainly acceptable, many current reports!®”° of the 
risk of total gastrectomy are considerably higher, in the 
neighborhood of 20%. 

Although no evidence has yet been presented to indi- 
cate that there is a better survival rate after radical re- 
section than with limited resection for carcinoma of the 
cardia, the question remains whether a limited proce- 
dure exposes the patient to a greater risk of anastomotic 
recurrence. Surgeons differ as to how far proximal to the 
tumor the esophagus should be transected; 10 cm,*! 4-6 
cm," and 4 cm? have been quoted. Certainly, total 
esophagectomy, as performed with the transhiatal ap- 
proach, should be accompanied by the lowest rate of 
anastomotic recurrence. In fact, Goldfaden et al.® re- 
ported only one such event as having occurred among 
42 patients having this operation. Not all have been as 
fortunate. Barbier and associates reported a 40% inci- 
dence of local recurrence after the transhiatal ap- 
proach.”* Our rate of local recurrence using 5 cm proxi- 
mal to palpable tumor as a guide for resection was 11.5% 
(14 of 124 patients). In all but four of these patients, 
metastatic disease was present at the time local recur- 
rence became manifest. In two patients who, because of 
submucosal spread, underwent total esophagectomy 
and cervical anastomosis, limited resection could not be 
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TABLE 3. Reported Surgical Results for Carcinoma of the Cardia 7 
Operated Resected Hospital 5-Yr 
Total ce Mortality Survival, 
Author (year) Cases No. %* No. . %* (%) . (%)t 
Hdlscher and Siewert, 1985!” ? 1,200 = — 63.0 12.0 14.8 
Goldfaden et al., 1986° ? ? ? 72 i 14.0 <20.0 
Allum et al., 1986'8 736 589 80.0 340 57,5 22.6 9.8 
Paolini et al., 1986!° 110 91 83.0 73 80.1 18.0 26.7 
Hennessy and Keeling, 
1987" 128 110 85.8 108 98.0 19.4 18.0 
Moreaux and Msika, 19887 ? 114 — 81 71.0 2.6 29.0 
Present series, 1988 ? 149 91.5 127 85.0 0.8 27.0t 


* Percentage of patients operated on. 
+ Percentage of patients undergoing resection. 


held responsible. Our local recurrence rate compares 
favorably with the 7-35% reported in the literature.?!~*4 

The data we are reporting do not resolve the issue of 
which approach——radical or limited resection for carci- 
noma of the cardia—is superior. A prospective random- 
ized control study will be required to determine this 
point. However, the data provide useful information in 
documenting the fact that limited esophagogastrectomy 
can be performed in the majority of patients with carci- 
noma of the cardia with a low mortality and morbidity 
and with excellent palliation of dysphagia. Although a 
more radical resection may reduce the number of local 
recurrences, the literature suggests that such an ap- 
proach is accompanied by a much higher hospital mor- 
tality rate. The high operability and resectability rates, 
coupled with the low hospital mortality rate we have 
achieved, suggest that a higher percentage of patients 
with carcinoma of the cardia may have the potential for 
long-term survival after use of limited esophagogastrec- 
tomy than after a more radical procedure. What impact 
combined therapeutic modalities will have on survival 
remains to be seen. Most studies of chemoradiation and 
resection concern carcinoma of the esophagus. How- 
ever, a recent study,” addressing its effect on adenocar- 
cinoma of the cardia, reported elimination of local 
tumor recurrence, but no clear-cut beneficial impact on 
survival. 
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DISCUSSION 


Dr. TOM R. DEMEESTER (Omaha, Nebraska): There are two ways 
of approaching carcinoma of the cardia. One is to apply the same 
operation to all stages of the disease, provided that the tumor is resect- 
able, This approach is usually done because of the difficulty in preoper- 
ative staging of patients with such a carcinoma. This is the approach 
chosen by Dr. Ellis, and his work in this field is widely recognized and 
his low operative mortality is admired by us all. 

We have taken a different approach by designing the operation in a 
way to allow intraoperative staging and selecting the operation to be 
done on the basis of the extent of disease. A transhiatal or a standard 
transthoracic esophagectomy is done when the goal of the operation is 
, palliation. An en bloc resection of the distal esophagus, cardia, and 
proximal two thirds of the stomach is done when the goal of the 
operation is cure. Twenty-one patients have had the latter operation. 
The current actuarial 5-year survival rate is in excess of 50%. All except 
three of the 21 patients have had either tumor through the bowel wall, 
positive lymph node metastases, or both. Because these patients have a 
high probability for survival, they had reconstruction with a colon 
interposition, which we believe is a more durable esophageal substi- 
tute. 

We are convinced that doing less than an en bloc resection in pa- 
tients with a potentially curable carcinoma of the cardia is as wrong as 
doing an extensive operation for palliation in patients who are incur- 
able. It is good that both philosophies are being applied clinically and 
reported. Time will show the proper approach. 

I would like to ask Dr. Ellis the following questions: why were 24 
patients operated on and not resected? Did any reflux symptoms, 
esophagitis, or strictures develop during the follow-up of patients with 
Stage I and II disease? Of those with Stage I and II disease who died, 
was any investigation performed to determine the presence of recur- 
rent local disease, indicating that your operation might be not exten- 
sive enough? Fourth, what criteria were used for determining when the 
operation was palliative? Were they preoperative studies, operative 
findings, or postoperative staging? 


Dr. EARLE W. WILKINS, JR. (Boston, Massachusetts): Certainly no 
one is more qualified than Dr. Ellis to discuss this subject of cancer of 
the cardia. 

If one measures the overall impact of a procedure on two effects, one 
would be the operative mortality and the other the survival. The results 
of his limited esophagogastrectomy are impressive. There was one 
death within 30 days, and that from a perhaps ill-advised operation for 
a second carcinoma, and his actuarial 5-year survival rate was 22%. He 
doesn’t tell us, however, more about that figure except that it was 
adjusted for patients leaving the hospital and for noncancer deaths. 

I would like to limit my remarks to the effect of the radicality of 
operations. In the past year I have been working on Volume IV of 
International Trends in General Thoracic Surgery (Esophageal Carci- 
noma). On the world scene there have been a great variety of ap- 
proaches suggested, from total gastrectomy at one end to near total 
esophagectomy at the other. Even routine extended esophageal resec- 
tion including removal of the spleen and tail of the pancreas has been 
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advocated. I am not aware yet of anyone who has suggested doing all 
three of these. I believe the hazards of this would more than counteract 
the possible benefit of a minimal increase in survival. 

As one measure of assessing the impact of radicality, I put together a 
slide (Slide) that illustrates the extremes of at least American surgery 
for esophagectomy and esophagogastrectomy from Mark Orringer’s 
transhiatal approach, which is basically a blunt dissection, to Dave 
Skinner’s and Tom DeMeester’s radical approach, often termed “‘me- 
diastinectomy.” These figures are taken from chapters that they have 
contributed to the volume just mentioned. These are compared with a 
so-called standard resection from the Massachusetts General Hospital. 
You see that the 3-year survival, of these patients are essentially the 
same. Unless we become too complacent, look at the early figures from 
my mentor, Dr. Richard Sweet, reported in 1952. (That was even 
before our new Honorary Member Hans Borst worked with us in 1954. 
His survival was essentially the same.) The asterisk emphasizes that 
these were adjusted for patients who left the hospital. The only deduc- 
tion I can make from this slide is that perhaps we as surgeons have been 
guilty of stressing too much the effect of how extensive an operation we 
do and too little on studying the biologic behavior of the tumor. 

In short, unlike many Boston discussants, I agree with our cross- 
town friends, Dr. Ellis and his group. If I have any argument with him, 
it is a semantic quibble, and that is in the use of the word “limited,” 
which somehow implies a less than optimal procedure or even one of 
cutting corners. It is indeed not that; what he means is that he does the 
operation necessary to remove all of the tumor. I would suggest that we 
use the term “standard” resection. 


DR. ROBERT E. CONDON (Milwaukee, Wisconsin): I find it curious 
that in the discussion of this important topic no one has brought up the 
subject of postoperative reflux esophagitis. 

There are two problems with the approach described by Dr. Ellis. 
One of them he alluded to, and that is the small incidence of anasto- 
motic recurrence. The incidence of this is 10-15%, and was so in his 
experience, and is a limitation of the left chest approach. However, the 
major problem in those patients who survive longer than 6 months is 
the occurrence of reflux esophagitis. To some degree reflux affects 
nearly all patients after intrathoracic esophagogastrostomy, and for 
some reflux makes continued alimentation not only painful but diffi- 
cult. Therefore, I would be interested if you could tell us what your 
experience has been with this major symptomatic problem in postop- 
erative survivors. 


Dr. WALTER J. PORIES (Greenville, North Carolina): The group at 
Duke has recently reported excellent results with the multimodality 
treatment of cancer of the esophagus. In their series, resection of the 
esophagus is preceded by two courses of chemotherapy with 5-FU/cis- 
platinum and 5000 r of radiotherapy. We have had a similar experi- 
ence. I would like to ask if you considered this combined approach? 


Dr. F. HENRY ELLIS, JR. (Closing discussion): I would first like to 
thank the discussants for their comments and their interest in the 
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presentation, and will take up the questions in more or less reverse 
order. 

I had hoped that in the discussion the question of adjuvant therapy 
for carcinoma of the cardia would be addressed. Unfortunately, be- 
cause none of our patients had preoperative radiotherapy and/or 
chemotherapy, we can provide no useful information on the subject. 
Most of the literature concerns the use of adjuvant treatment for 
cancer of the esophagus rather than the cardia. Although the use of 
preoperative chemoradiation results in a complete response in about 
one third of the cases and may reduce the local recurrence rate, as yet it 
has had no beneficial effect on long-term survival. 

Dr. Condon brings up an important problem after esophagogastrec- 
tomy, namely, the problem of reflux esophagitis. As I indicated in the 


, presentation, only four of our patients had a stricture, which was man- 


ageable by dilatation in all but one who underwent a successful revi- 
sion of the anastomosis. We routinely initiate an aggressive antireflux 
program for all of our postesophagogastrectomy patients and have 
been able to minimize the problem of gastroesophageal reflux by the 
use of H, blockers and other well-known measures. 

It is interesting that Dr. DeMeester’s actuarial survival rate is now 
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50% rather than 63%, coming closer to our nearly 40% figure for Stage I 
and II patients. He asked many questions, which | will try to answer. 
Our definition of a “palliative” procedure is one in which cancer is 
known to have been left behind. A “curative” resection is one in which 
all visible and palpable tumor has been removed. The reason that some 
lesions could not be resected is related to the extent of the local disease 
with involvement of adjacent structures, such as the aorta, pancreas, 
lung, and pericardium. As I have mentioned before, peptic strictures 
occurred in only four patients. Finally, he asked about the cause of 
death in Stage I and II patients, wondering whether a more radical 
resection might have provided better survival. Metastatic disease was 
the most frequent cause of death in these patients, rather than local 
recurrence. Of the 26 Stage I and II patients, only two had a local 
recurrence. The rest were either alive or died of metastases or of non- 
cancer causes. 

Dr. Wilkins’s comments are appreciated. We see eye to eye on these 
matters and prefer a limited or, as he prefers, a standard resection to 
the more radical resections currently in vogue. In my opinion early 
diagnosis is the key to successful treatment, not adjuvant therapy or 
superradical operations. 
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From July 1983 through December 1987, 300 consecutive pa- 
tients with penetrating gunshot wounds of the abdomen caus- 
ing visceral or vascular injuries were treated. Resuscitative 
thoracotomy was required in 20 patients (6.6%), and only two 
survived. The most commonly injured organs were the small 
bowel (60%), colon (41.6%), liver (29.3%), vascular structures 
(24.6%), stomach (17.3%), and kidney (17.0%). The overall 
survival rate for the series was 88.3%; however, if only the 226 
patients without vascular injuries are considered, the survival 
rate was 97.3%. In the 35 patients who died, the blood pressure 
on admission was 51 mmHg, 18 required a resuscitative thora- 
cotomy, four visceral or vascular injuries were present, and the 
median blood replacement was 18 units. The cause of death 
was perioperative shock in 30 patients (85.7%), whereas five 
patients (14.3%) died of sepsis and multiple organ failure. The 
most common postoperative complication in survivors and pa- 
tients who died later in the study was an intra-abdominal! ab- 
scess (3.0%). Rapid conservative operative techniques for civil- 
ian gunshot wounds lead to few posteperative complications 
and an excellent survival rate, especially if vascular injuries are 
not present. 


guns are seen daily in urban trauma centers in 

this country.'? Although the treatment of pa- 
tients with gunshot wounds to the thorax or extremities 
is relatively consistent from center to center, there is 
considerable disagreement regarding the appropriate 
management of patients with gunshot wounds to the 
abdomen. Some of these controversial areas are indica- 
tions for laparotomy,’ type of fluid resuscitation,” $ ex- 
tent of preoperative evaluation,’ choice of perioperative 
antibiotics,'° management of injuries to individual 
organs,'!-* role of intra-abdominal drains,!> and tech- 


nique of closure of the abdominal wound.!*!7 


pP ATIENTS WITH penetrating wounds from hand- 
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As preferential forms of therapy for civilian patients 
with abdominal gunshot wounds have continued to 
evolve, the morbidity and mortality of these wounds 
have steadily decreased. This is a report of a recent 4.5- 
year experience with 300 consecutive patients with pen- 
etrating gunshot wounds to the abdomen causing vis- 
ceral or vascular injuries. All patients were treated at the 
Ben Taub General Hospital, a Level I trauma center 
affiliated with the Baylor College of Medicine in Hous- 
ton, Texas, from 1983 through 1987. 


Methods . 


Resuscitation and treatment of all patients with gun- 
shot wounds to the abdomen during the time interval 
were similar.'®? Symptomatic patients with gunshot 
wounds in proximity to the abdomen or asymptomatic 
patients with obvious peritoneal traverse of a missile 
based on results of physical examination or x-ray were 
operated on after resuscitation with warmed crystalloid 
solutions and, if required, type-specific packed red 
blood cells. 

Asymptomatic patients with gunshot wounds in prox- 
imity to the anterior abdomen (wound between nipples 
and costal margins and anterior to anterior axillary line) 
were evaluated by an open diagnostic peritoneal tap, 
and, if necessary, lavage.'”?° Asymptomatic patients 
with presumed tangential wounds through the anterior 
abdominal wall, flank, or posterior abdominal wall were 
occasionally evaluated by the same technique with the 
permission of the staff surgeon. 

Intravenous pyelography was performed 1 in all stable 
patients before laparotomy. Perioperative antibiotics 
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were given to all patients with perforating wounds to the 
gastrointestinal tract other than the esophagus under rig- 
idly controlled protocols. A study comparing cefotax- 
ime, cefoxitin, and moxalactam was completed in July 
1984, and was published.'° During the remaining 3.5 
years of the current report, a study comparing cefopera- 
zone, cefotaxime-ampicillin, and cefoxitin-ampicillin 
has been in progress. 

In patients who arrived in the emergency center with a 
massively distended abdomen secondary to a hemoperi- 
toneum and profound hypotension, either emergency 
center or operating room thoracotomy was occasionally 
performed to allow for cross-clamping of the descending 
thoracic aorta before or concurrent with celiotomy.”! 

In the operating room the patient’s anterior trunk was 
prepared and draped from the chin to the knees. A mid- 
line incision was used in all patients, and all blood and 
fecal material were evacuated manually and by a suction 
device. If hemorrhage without fecal contamination was 
present, a BRAT (Baylor Rapid Autotransfusion device) 
was used to aspirate free blood from the abdomen as the 
magnitude of visceral and vascular injuries was assessed. 

Rapid conservative operative techniques were used 
throughout the period of the review. Splenorrhaphy 
rather than splenectomy was performed when the con- 
dition of the patient and the severity of the injury al- 
lowed. In this review, 50% of splenic injuries resulting 
from gunshot wounds were repaired. Drains were essen- 
tially never inserting after splenorrhaphy, whereas 
closed suction drainage for 12-24 hours was used in a 
moderate number of patients after splenectomy. He- 
patic injuries were managed by resectional debridement 
or hepatotomy with selective vascular ligation in prefer- 
ence to deep horizontal mattress sutures, whenever pos- 
sible. Viable omental pedicles were routinely placed into 
hepatotomy sites or deep hepatic lacerations in which 
selective vascular ligation had been performed. Perihe- 
patic packing was used in 5% of patients with hepatic 
injuries during the study.?”? Small and modest hepatic 
injuries were drained with a closed suction system, 
whereas major injuries requiring extensive resectional 
debridement, major hepatotomy, segmentectomy, or 
lobectomy were routinely drained with a combination 
of open Penrose and closed suction drains. Wounds of 
the gastrointestinal tract were usually closed in two 
layers; however, in profoundly hypotensive patients 
with a significant number of injuries, one-layer closure 
using running 3-0 or 4-0 polypropylene sutures was fre- 
quently performed. During a 3-year period of the re- 
view, colonic injuries were treated with primary repair 
in 72% of instances, whereas colostomy was performed 
in another 26%.” Pancreatic injuries not involving the 
major duct were treated by open Penrose drainage for 
7-10 days. With transection of the major pancreatic 
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. duct to the left of the midline, distal pancreatectomy 


and splenectomy were performed. Patients with moder- 
ate to severe injuries in the pancreas not requiring re- 
section combined with major injuries to the duodenum 
were treated with pyloric exclusion and antecolic gastro- 
jejunostomy.'* The Whipple procedure or total pancre- 
atoduodenectomy was reserved for patients with crush 
or devascularization-type injuries of the head of the pan- 
creas and duodenum together. Intra-abdominal vascular 
injuries were treated with lateral arteriorraphy or ven- 
orrhaphy, whenever possible.”*-® When more extensive 
injuries were present, an end-to-end anastomosis, inser- 
tion of a substitute vascular conduit, or insertion of a 
bypass graft was performed. All vascular repairs were 
covered with retroperitoneal, mesenteric, or omental 
tissue before closure of the abdomen. 

Control of the patient’s temperature was maintained 
by placing the patients on a warming blanket in the 
operating room, mixing all packed red blood cells with 
warmed crystalloid solutions, and vigorous use of the 
humidifying cascade on the anesthesia machine. 

Before closure, irrigation of the abdomen with saline 
was performed until the effluent was clear. The last liter 
of antibiotic solution routinely contained kanamycin 
and bacitracin. In patients who had severe intraopera- 
tive coagulopathy, total intra-abdominal packing with 
laparotomy pads as described by Stone et al. was used.*? 

The skin and subcutaneous tissue were closed in all 
patients without colon injuries and in 60% of patients 
with colon injuries.!°'* In a highly selected group of 
patients with a body temperature below 32 C, nonme- 
chanical bleeding and/or marked distention of the mid- 
gut, routine closure of the midline incision was not per- 
formed and a towel clip closure of the skin alone was 
used. Towel clip removal and formal closure of the ab- 
dominal wall was completed in surviving patients at an 
average of 3 days after the first laparotomy.”° 

In the postoperative period, the diagnosis of a wound 
infection was confirmed by the presence of pathogenic 
organisms in exudate obtained from the wound. An 
intra-abdominal abscess was defined as the presence of 
localized pus within the abdomen diagnosed by ultraso- 
nography or computerized tomography and confirmed 
by percutaneous drainage, at reoperation or at autopsy. 
A reoperation for bleeding was defined as any return to 
the operating room to control intra-abdominal hemor- 
rhage within the first 48 hours after the original injury. 

Data reviewed in this study were obtained from pa- 
tient charts and included demographics of the patient 
population, incidence of resuscitative thoracotomy, list 
of organs injured, patient morbidity and mortality, 
cause and timing of deaths, use of adjunctive techniques 
of packing or towel clip closure of the skin, and opera- 
tive time. Where appropriate, results were compared 
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TABLE 1. Organs Injured 
Organ Number (%) 

Small bowel 180 (60.0) 
Colon 125 (41.6) 
Liver 88 (29.3) 
Vascular 74 (24.6) 
Stomach 52 (17.3) 
Kidney 51 (17.0) 

- Diaphragm 30 (10.0) 

” Spleen 23 (7.6) 
Bladder 22 (7.3) 
Gallbladder 21 (7.0) 
Pancreas 18 (6.0) 
Rectum 10 (3.3) 
Other” 12 (3.9) 


* Appendix 5, adrenal gland 4, uterus 3. 


using the chi-square test for discrete variables. Statistical 
significance was claimed at the 5% level (p < 0.05). 


Results 


From July 1983 through December 1987, 300 consec- 
utive patients with penetrating gunshot wounds of the 
abdomen causing visceral or vascular injuries were 
treated. Patients with major cardiac or pulmonary inju- 
ries from the missile or gunshot wounds to multiple 


areas of the body were excluded. Male patients predomi- 


nated (85.3%), and the average age of all patients in the 
series was 29 years. 

During the same time interval, 41 patients (41 of 341; 
12%) underwent a “negative” laparotomy after a gun- 
shot wound in proximity to the abdomen. Causes of the 
negative laparotomies were a false-positive physical ex- 
amination, abdominal penetration without visceral or 
vascular perforation, or tangental extra-abdominal 
gunshot wounds. 

Resuscitative thoracotomy was required in 20 pa- 
tients (6.6%) in the series. Of the 19 patients undergoing 
emergency center thoracotomy for the abdominal 
wound, one (5.2%) survived. The one patient undergo- 
ing operating room thoracotomy survived also. 


TABLE 2. Survival Versus Number of Organs Injured 


No. of í Survival 

-Organs No. of Rate 

Injured ` Patients Survivors (%) 
1 74 73 98.6 
2 105 99 94.4 
3 59 l 52 88.1 
4 35 25 71.4 
5 15 10 66.7 
6 7 5 71.4 
7 4 1 25.0 
8 0 0 0.0 
9 l 0 0.0 
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The most commonly injured organs were the small 
bowel in 180 patients (60.0%), the colon in 125 (41.6%), 
the liver in 88 (29.3%), major or minor vascular struc- 
tures in 74 (24.6%), the stomach in 52 (17.3%), and the 
kidney in 51 (17.0%) (Table 1). 

The overall survival rate for the series was 88.3% (265 
of 300). If only the 226 patients without vascular injuries 
are considered, the survival rate was 97.3%. In compari- 
son, the presence of a vascular injury decreased survival 
to 60.8% (p < 0.05). The number of organ injuries was 
also strongly predictive of outcome (Table 2). 

In the 35 patients who died, the mean systolic blood 
pressure on admission was 51 mmHg, and 18 patients 
(51.4%) required a resuscitative thoracotomy. Visceral 
injuries were present in 32 (91.4%) of these patients and 
averaged 2.6/patient. Also, four or more visceral injuries 
were present in 21.9% of patients in this group. Vascular 
injuries were present in 29 (82.8%) of these patients and 
averaged 1.7/patient. A mean of four visceral and/or 
vascular injuries was found at the time of laparotomy in 
all patients in this group, and the median replacement 
with packed red blood cells was 18 units. The cause of 
death was perioperative shock (within 48 hours of in- 
jury) and transfusion-induced coagulopathies in 30 pa- 
tients (85.7%), whereas five patients (14.3%) died of 


‘sepsis and multiple organ failure at 6, 11, 13, 21, and 


179 days, respectively. 

In the 265 patients who survived, the mean systolic 
blood pressure on admission was 115 mmHg, and only 
two (0.8%) required a resuscitative thoracotomy. Vis- 
ceral injuries were present in 258 (97.3%) of these pa- 
tients and averaged 2.1/patient. Also, four or more vis- 
cera] injuries were present in 11.3% of patients in this 
group. Vascular injuries were present in only 45 (17%) 
of these patients and averaged 1.7/patient. A mean of 
two visceral and/or vascular injuries was found at the 
time of laparotomy in all patients in this group, and the 
median replacement with packed red blood cells was 
four units. The mean hospital stay was 9 days. 

Major postoperative abdominal complications occur- 
ring in the 265 survivors and in the five patients who 
died later included intra-abdominal abscesses in eight 


(3.0%), wound infection in seven (2.6%), and reopera- 


tion for persistent intra-abdominal hemorrhage in six 
(2.2%). In the group who had intra-abdominal abscesses, 
there was an average of 3.4 visceral and/or vascular inju- 
ries per patient, and seven of eight patients had injuries 
to the small bowel or colon repaired at the first opera- 
tion. In the group with wound infections, there was an 
average of 2.4 visceral and/or vascular injuries per pa- 
tient, and five of seven patients had injuries to the small 
bowel or colon repaired at the first operation. To date, 
early or late postoperative obstruction of the small 
bowel has occurred in 10 of the 265 survivors (3.7%). 
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Perihepatic or intra-abdominal packing was per- 
formed in 14 patients (4.7%) in the series, and five 
(35.8%) survived. Towel clip closure of the skin of the 
abdominal incision was performed in 21 patients (7.0%) 
in the series, and five (23.8%) survived. 

The mean length of operation in 100 of the 265 pa- 
tients who survived in this series and in whom this in- 
formation was available was 181 minutes. In contrast, 
the mean length of operation in 100 surviving patients 
undergoing operation for a gunshot wound of the abdo- 
men between July 1978, and July 1983, on the first 
author’s admitting service was found to be 218 minutes. 
This represents a 17% decrease in length of abdominal 
operation for the patients in the current series. 


Discussion 


Operative management of civilian gunshot wounds of 
the abdomen is now 100 years old, the major impetus to 
this form of treatment being the discussions of several 
papers presented at the 1887 meeting of the American 
Surgical Association in Washington, DC.*! A literature 
review reported at that meeting noted a mortality rate of 
77.2% in 22 patients who underwent laparotomy after a 
gunshot wound.” | 

Gunshot wounds of the abdomen have continued to 
increase, as the purchase of handguns in this country is 
essentially without restriction. This is presumably due to 
the Second Amendment of the United States Constitu- 
tion, which guarantees “the right of the people to keep 
and bear arms.” With the proliferation of gunshot 
wounds of the abdomen in urban areas, much has been 
written about indications for laparotomy****** and op- 
erative techniques,?’ as well as the morbid societal 
consequences.*~*8 

It is clear from the data presented here that hemor- 
rhage and transfusion-induced coagulopathies are the 
major causes of death (>85%) in patients with gunshot 
wounds of the abdomen in civilian life. It is also clear 
that the majority of patients who exsanguinate are pro- 
foundly hypotensive during transport to the trauma 
center. Therefore, care in the field and emergency center 
for hypotensive patients with gunshot wounds to the 
abdomen should be minimized. Although this fact has 
been emphasized repeatedly in the recent literature, ac- 
tual practice in many areas of this country differs con- 
siderably from the suggested ideal.?*?>! In our own hos- 
pital, a recent report of patients with injuries to the infe- 
rior vena cava documented that the average time from 
admission to operation for patients in shock was 55 
minutes.” 

The role of a resuscitative thoracotomy in the emer- 
gency center in patients with hypotension and gunshot 
wounds of the abdomen has been consistent in all of our 
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recent studies.!*?!8 The survival rate will be under 
3~5%; however, the technique remains necessary when 
the operating room is geographically distant from the 
emergency center and the patient is moribund on ar- 
rival. 

In patients who are hemodynamically stable after sus- 
taining gunshot wounds of the abdomen, management 
varies considerably from center to center. As previously 
noted, an aggressive approach to potential tangential or 
nonpenetrating wounds in this series resulted in a 12% 
negative laparotomy rate. Other centers, recognizing 
that only 80% of bullets striking the anterior wall of the 
abdomen will actually enter the peritoneal cavity, advo- 
cate a conservative (nonoperative) approach in stable 
asymptomatic patients with this type of wound.** Simi- 
larly, the 46% incidence of intra-abdominal injuries 
when the lower thorax in penetrated by a missile re- 
ported in one series has prompted a conservative ap- 
proach to this patient group as well, based on the >50% 
chance of a negative laparotomy.*>*° Finally, the <45% 
risk of visceral injury from wounds to the flank and the 
<15% risk of visceral injury from wounds to the back 
have suggested that conservative approaches be used in 
these patient groups also.**°? Options for conservative 
approaches in all of these patient groups included obser- 
vation and frequent examination, diagnostic peritoneal 
lavage, and, for flank or posterior wounds, contrast-en- 
hanced computerized tomographic enemas with the ad- 
dition of angiography, as needed. Observation and fre- 
quent examination is of value in all of the patient groups 
listed above,-*->* whereas the results of diagnostic perito- 
neal lavage depend on whether a red blood cell count of 
100,000/mm? or 5000/mm? is considered to be a posi- 
tive result. When the former value is used, a 20.2% 
false-negative rate resulted in one study,'? whereas data 
on the use of the latter figure in patients with gunshot 
wounds are limited. Contrast-enhanced computerized 
tomographic enemas have been used with success in 
evaluating a small number of patients with gunshot 
wounds to the flank or back in one study.”° 

Once operation is decided on, the patient’s entire an- 
terior trunk and thighs should be prepared and draped. 
This allows for resuscitative thoracotomy should it be- 
comes necessary and for access to the saphenous veins in 
the groins should a vascular bypass be required. A mid- 
line incision is used in all patients, and injuries are as- 
sessed once intraperitoneal blood and gastrointestinal 


contents are removed. 


The small bowel, colon, liver, vascular structures, and 
stomach have been the most commonly injured organs 
in recent large series of abdominal gunshot wounds, 
much as in the current study.*!** With the tremendous 
impact of vascular injuries on mortality in this series, 
the first goal of the trauma surgeon remains the opera- 
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TABLE 3. Decreased Operating Times 





Management of Organ Injuries 
1. Perihepatic packing”? 
2. Single-layer bowel closure 

_ 3, Colonorrhaphy instead of colostomy’? 
4. Pyloric exclusion instead of resection'* 


Closure 
1. Towel clip closure of skin” 


tive control of life-threatening hemorrhage. This is ac- 
complished by pressure applied with a finger, aortic 
compressor, or spongesticks or by the direct application 
of vascular clamps. After vascular control is attained, it 
is often helpful to apply noncrushing intestinal, Bab- 
_ cock, or Allis clamps to large perforations in the gastro- 
intestinal tract to decrease soilage during the vascular 
repair. Once the vascular repair is completed and is cov- 
ered by viable tissue, repair of solid organs and the gas- 
trointestinal tract is performed. | 

_ As previously noted, significant changes have oc- 
curred in the operative management of injuries to both 
the colon and liver in recent years. !2:!>* This is also true 
of injuries to less commonly injured structures such as 
the spleen, pancreas, and duodenum.!!:!* Many of these 
changes, in addition to the towel clip closure of the skin 
previously mentioned in the Methods section, shorten 
the length of operation (Table 3). The tremendous diff- 
culty in maintaining normal body temperature in se- 
verely injured patients undergoing operation and mas- 
sive transfusion coupled with the known adverse effects 
_ of hypothermia mandate more rapid operations in this 
-= group of patients.°°*’ 

Many of these changes, in addition to the use of 
broad-spectrum perioperative antibiotics and saline an- 
tibiotic irrigation of the peritoneal cavity, also contrib- 
uted to the low incidence of postoperative intra-abdomi- 
nal sepsis reported in this series (3.0%) and others in 
recent years!0-!3.!5.°8.59 (Table 4). 

The overall survival rate of 88.3% reported in this 
review is similar to the 88.2% survival rate reported 
from the Charity Hospital in New Orleans in 1976.*' 
This might suggest that maximum survival has been 
obtained in civilian patients with gunshot wounds of the 


TABLE 4. Factors that Lower the Incidence of Postoperative Sepsis 


General 
1. Perioperative antibiotics!’ 
2. Saline/antibiotic irrigation” 


Management of organ injuries 
`I. Splenorrhaphy instead of splenectomy 
2. Hepatotomy and resectional debridement instead of mattress 
sutures’? 
3. Colonorrhaphy instead of colostomy’? 
4. Closed instead of open drainage!’ 
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abdomen based on the current wounding power of 
handguns, urban transit times, and therapy of shock. In 
truth, the incidence of vascular injuries in the current 
series was 24.6% compared with 10.9% in the series from 
Charity. Recognizing that the presence of a vascular in- 
jury was a major determinant of mortality, it is clear that 
evolving techniques have maintained the survival rate 
near 90% despite increasing magnitude of injuries.”® 


Conclusion 


From a review of 300 patients sustaining visceral or 
vascular injuries from gunshot wounds to the abdomen 
over a recent 4.5-year period, the following conclusions 
can be drawn: (1) approximately 12% of patients with 
gunshot wounds causing intra-abdominal injuries die; 
however, only 2.7% of patients without intra-abdominal 
vascular injuries died in this review; (2) a poor prognosis 


_is suggested by an admission systolic blood pressure <60 


mmHg, a need for emergency center thoracotomy, the 
presence of four organ injuries, and blood replacement 
exceeding 18 units; (3) over 85% of deaths are secondary 
to irreversible shock and transfusion-induced coagulop- 
athies and occur within 48 hours of injury; (4) rapid 
conservative operative techniques lead to few postopera- 
tive complications. 
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DISCUSSION 


DR. DONALD TRUNKEY (Portland, Oregon): I enjoyed this paper 
very much. I would like to focus on those patients who died primarily 
_of their coagulopathy. 

Thirty of your 35 patients had perioperative coagulopathy. Could 
you describe their coagulopathy in more detail? I would like to know 
how much of this was dilutional thrombocytopenia and if there were 
any patients with factor 8 deficiency? How much do you think that 
- hypothermia contributed to this? Have you done any innovative things 
to reduce hypothermia? Specifically, are you using any of the newer 
exchange transfusers that can heat the blood? 

I also ask you to comment on the difference between the Israeli’s 
experience during the Six Day War, which they reported in the Journal 
of Trauma in 1976, where they gave massive transfusions to over 25 
patients. They had no coagulopathy and the primary reason is that they 
used whole blood harvested on the battlefield. 

The reason this is important is if we are going to address death rates 
in the perioperative period, we will have to change our concept of 
blood banking and quit using components. We must give relatively 
fresh whole blood rapidly to these patients. This is a major controversy 
in the United States where blood banking has truly become banking in 
all of its meanings. 

Lastly, I would like you to comment on a tough philosophical issue. 
The American College of Surgeons Committee on Trauma in setting 
up guidelines for the Level I and Level II centers, has said that there 
must be an attending surgeon in the hospital for the Level II hospitals, 
and of course, many of the community surgeons have responded, 
“Well, if that is good enough for the community hospital, is it not also 
necessary for the university hospital.” Do you believe that in the pa- 
tients in whom you did emergency thoracotomies and who died early, 
would an attending surgeon in the emergency room have made a 
difference? 


Dr. J. DAVID RICHARDSON (Louisville, Kentucky): The Houston 
group has again focused our attention on an important issue in trauma 
care by presenting a large series of patients with complex wounds in 
which they have achieved a high survival rate. Their mortality rate was 
11.7%, which is comparable with several other recently reported series. 
However, Dr. Feliciano’s patients had a higher incidence of vascular 
injuries, which actually occurred in nearly one fourth of his patients, 
and that is somewhat higher than most reported series. 

I recently reviewed 100 consecutive patients from our institution 
with abdominal gunshot wounds and found that we had nine deaths. 
Twenty per cent of our patients had vascular injuries and two of the 
deaths were from cardiac wounds that the present paper would have 
excluded; therefore, I believe our results are fairly similar. 

Interestingly, when we identified risk factors for the deaths or major 
complications in our patients they were essentially the same as Dr. 
Feliciano has presented. The major risk factor was prolonged shock 
time, which was related to death from coagulopathy in the operating 
room or in the immediate postoperative period, and was related to a 
high incidence of postoperative sepsis. We found that prolonged shock 
time was present in all our patients who died of sepsis after surgery. 

The other two major risk factors were the presence of associated 
cardiac or vascular injuries and the presence of three or more major 
organ injuries. 

I am curious if you found in your five patients who died of late 
sepsis, that prolonged shock time was, in fact, a problem in these 
patients as well. 

The second brief comment I would like to make is about the use of 
the specific protocols for dealing with specific organ injuries. We would 
probably take exception with the number of thoracotomies performed 
in the emergency department that you were doing and would argue 
that the results do not justify the continued use of that procedure for 
abdominal gunshot wounds. On the other hand, you did have an 
occasional survivor and perhaps that justifies the efforts. Although we 
might quibble about occasional details in terms of the protocols you 
used, I believe it is clear that in a trauma center, whether it is manned 
by residents or by attending surgeons, one must have treatment proto- 
cols carefully in mind, and use of these protocols will sharply decrease 
the time in the operating room and hopefully enhance long-term sur- 
vival. 
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Dr. ERWIN R. THAL (Dallas, Texas): I congratulate Dr. Feliciano 
and his co-authors for an exhaustive review of a large number of 
patients sustaining gunshot wounds to the abdomen. He has demon- 
strated the excellent results that can be expected with early recognition, 
rapid resuscitation, and aggressive surgical management, although he 
tends to sometimes call it conservative. 

The authors have touched on many areas and have drawn some 
general conclusions, including one that a conservative operative tech- 
nique leads to fewer postoperative complications. I believe they are 
telling us that good clinical judgment is the hallmark of optimal care. 

Such techniques as emergency center thoracotomy and diagnostic 
peritoneal lavage (DPL) are referred to in the manuscript. Splenor- 
rhaphy rather than splenectomy, one-layer rather than two-layer clo- 
sures, primary colon repair rather than colostomy, and primary wound 
closure are alluded to. However, indications and criteria for the perfor- 
mance of these procedures are not described. 

Reference is made to the use of diagnostic peritoneal lavage for 
asymptomatic patients in the manuscript. We have reviewed our expe- 
rience with this technique and found that in 25% of asymptomatic 
patients with gunshot wounds and red cell counts less than 100,000, 
there were significant injuries found at celiotomy, including one pa- 
tient with an aortic injury who had a red blood cell count of 1500 on 
peritoneal lavage. 

The authors suggested the occasional use of DPL in patients with 
posterior wounds where the test 1s generally acknowledged to be less 
accurate. 

We believe that all patients with gunshot wounds of the lower chest, 
abdomen, flank, and back should be operated on as 80-95% will have 
significant injury if penetration has occurred. It seems reasonable to 
accept a few negative procedures rather than risk the increased morbid- 
ity and mortality of missed injuries. 

The paper stresses the need to expedite operative procedures, which 
seems laudable, but again no indications are given as to when these 
various procedures should be performed. This is probably more ap- 
propriate in the unstable patient, and this will be a nice subset to study 
prospectively. 

Techniques such as liver packing and rapid closure are important 
contributions. However, most patients are relatively stable, and taking 
time to adequately identify and repair tissue and organ injuries will pay 
rewarding dividends. 

A departure from what is generally considered conservative surgery 
occurred when the authors reported primary skin and subcutaneous 
tissue closure in 60% of their patients with colon injuries. 

I would be interested to know how many of the patients with wound 
infections had a primary wound closure in the presence of a colon 
injury. I would also be interested in learning whether the authors 
identified any combination of injuries that were more lethal (excluding 
patients with exsanguinating hemorrhage). l 

Despite these conservative measures, the overall survival rate was no 
different than that reported from Charity Hospital 12 years ago. 

The authors have presented much data and recommendations that 
probably have considerable merit. I hope this paper will stimulate 
others to look at many of the areas of controversy in a prospective 
randomized fashion with good controls utilizing injury severity indices 
or other methods to identify injury groups for comparison. 


Dr. JAMES W. PATE (Memphis, Tennessee): I enjoyed this summary 
of a large experience from a group that has been among the leaders in 
the care of gunshot wounds in the civilian population. 

The University of Tennessee’s Elvis Presley Trauma Center, admits 
close to 3000 patients per year, and most of them have trauma scores of 
12 or less. l 

- I evaluated the cases for the last year. Twenty-five per cent of the 
patients had gunshot wounds and 23% were victims of assault with 
knives or other instruments. Roughly 1500 wounds, of which half were 
gunshot wounds, were seen. We also have noticed a trend from the 
Saturday Night Special to the .357 Magnum and even semiautomatic 
weapons. 

(Slide) In the 4 years under consideration in our Trauma Center, we 
have admitted 416 patients with gunshot wounds of the abdomen. 
Forty-one of the wounds did not involve intraperitoneal organs but 
instead involved retroperitoneal structures such as the vena cava or 
kidney. 
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The distribution of the organs injured is roughly the same (or not 
significantly different) as that reported today. 

Our mortality rate of between 8 and 9% was slightly less but probably 
not significantly different. The mortality was clumped within the peri- 
operative period. Over 75% of the deaths occurred within the first 24 
hours after injury, and most of these were from so-called irreversible 
shock or continued bleeding. 

If we look at the individual organs that were injured, we find that 
there is not a significant difference with any organ as related to the 
group as a whole, in terms of mortality, except for the spleen. In our 
experience, patients with gunshot wounds of the spleen had an over-all 
mortality rate of 25%. A little over half of these deaths occurred during 


the perioperative period; the others occurred later. The patients with 


late deaths frequently had the stomach, colon, and pancreas involved. 
We found that a combination of liver and spleen injuries required the 
most blood, a total of 28 units of blood as opposed to other fatal cases 
of only 15 units of blood. 

We strongly believe that gunshot wounds of the upper abdomen 
should be operated on immediately rather than “worked up.” 

We have abandoned emergency room thoracotomy. We have re- 
served thoracotomy for patients with major intrathoracic injuries, pri- 
marily the heart and great vessels. The authors’ experience with 19 
consecutive emergency center thoracotomies with either one or two 
survivors seems to bear out our opinion. 

I would like to make a plea for us, as supposedly the leaders in 
surgery, to take a lead in developing trauma systems, trauma care, and 
modern trauma centers around the country. 

(Slide) Many still handle trauma piecemeal, with facilities that are 
designed for other purposes, despite the fact that it has a very high 
incidence of death (actually the leading cause of death of those 44 years 
old or younger in many states). 

Trauma centers should have a resuscitation unit immediately adja- 


‘cent to ground and helicopter transportation; the laboratories, x-ray . 


units, and angiography units should be located around a near-by oper- 
ating room with adjacent ICU for long-term care. 

A complex such as this will have significant impact on the first few 
hours of trauma care. I telieve that we should demand that the politi- 
cians, administrators, and financiers see that such facilities are avail- 
able. i 

Lastly, I would like to ask a question that I believe Dr. Trunkey has 
already alluded to, and that is because coagulopathy seems to be 
emerging as a major limiting factor in early surgery, what types of 
studies should be done to make a definitive diagnosis of coagulopathy? 

We have restricted most of our blood transfusions to whole blood 
rather than packed cells, again to the great consternation of some of 
our colleagues in the hospital. 


DR. ROBERT F. WILSON (Detroit, Michigan): I enjoyed this paper 
very much but I have a number of questions. 
We have not had any survivors for an ED thoracotomy for cardiac 


; arrest due to abdominal gunshot wounds and have essentially given it 


up. I wonder if you could determine the cost for a 12-month survival of 
a patient who has an ED thoracotomy for a gunshot wound of the 
abdomen. On the other hand, if someone reaches the operating room 
with a systolic blood pressure of less than 70 mmHg despite aggressive 
fluid resuscitation, many of us believe that a prelaparotomy—thoracot- 
omy to cross-clamp the aorta in the chest is of benefit. We find that 
about half of them respond, and of those who respond with a systolic 
blood pressure of at least 90 mmHg within 5 minutes, the survival rate 
is somewhere between 30 and 40%. If they do not respond with a 
systolic blood pressure of 90 mmHg within 5 minutes, we find that 
they all die despite what may be hours of surgery and: many units of 
blood. Do you use the prelaparotomy thoracotomies in the operating 
room for any such individuals? If they do not respond, would you 
consider stopping at that particular point? 

One thing that we have been very concerned with is core body 
temperature. When we initially get the bleeding controlled during 
operation, we find that there are three phases to anesthesia completing 
their resuscitation. First, the blood pressure is restored to normal. 
Second, urine output is restored to at least 70 ml/h, and third, core 
body temperature is raised to at least 34 C. If we let the patient’s core 
(esophageal) temperature fall below 32 C for more than a few minutes, 
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our mortality rate runs around 85%. If we see the core temperature ` 
dropping to such levels, we will stop dissection as soon as possible and 
try to rewarm the patient with a number of techniques that include 
irrigating the abdomen or chest with warm (42 C) saline. We wonder 
how much attention is paid to measuring and maintaining core tem- 
peratures? Will you alter your operative procedure in any way because 
of a falling core temperature? 

Your complication rate seems extremely low. We have found that if 
the patient is in shock for more than 30 minutes, despite 15 or more 
units of blood, the median hospital stay for survivors is about 30 days 
with infections developing in about 85%. Many of these patients, even 
if they do not have an infection, do not seem to respond as well as they 
should. I wonder if you have any impressions about the hospital stay of 
your patients requiring massive transfusions. 

Lastly, we are concerned about autotransfusion, especially with the 
increased concern about AIDS. However, with our autotransfusions, 
even with washing of the red blood cells, we still find that there is an 
increased tendency for a coagulopathy to develop, and this tendency 
increases with the amount of autotransfusion. You previously used 
autotransfusion. Do you still use it, and will you use it in the face of 
contamination from intestinal injuries? 


Dr. ROBERT ZEPPA (Miami, Florida): Over the last year we have 
admitted 203 patients with gunshot wounds, and the biggest problem 
that we are currently seeing in survival is the length of time of trans- 
port. We are the only hospital in a county of 2000 square miles that 
accepts injured patients. Three helicopters are required to reach the 
extremities of the county, and I would agree with Dr. Feliciano’s point 
about “scoop and run.” Unfortunately, under the circumstances you 
cannot “scoop and run” 40 miles in any reasonable amount of time in 
our area. 

What I would like to emphasize is the beginning use of heat ex- 
changers in the resuscitation rooms before the first unit of O negative 
blood. The use of heat exchangers has enabled us to handle body 
temperatures with much greater success than we had in the past. Fur- 
thermore, when you get into the operating room, if your anesthesiolo- 
gist does not have the head wrapped, you will lose a considerable 
amount of heat. 

I would like to ask Dr. Feliciano if he has any data on HIV positivity 
in his patients who subsequently died of sepsis. We are finding about 
20% of our 5% mortality in the late stages is related to HIV positivity in 
these patients. 


Dr. WILLIAM M. STAHL (Bronx, New York): I congratulate the 
authors, and living in the South Bronx, we have the same population. 
All of the discussed changes in simplifying the procedures we have 
instituted also, and I believe they are valuable. 

Early deaths clearly fall into two groups. The first comprise those 
with irreversible shock have a pH under 7. We have had very poor 
survival in this group and one must ask whether we are doing all that 
we should be doing in the prehospital phase. We advocate “scoop and 
run” in our short transport (9 or 10 minutes) area. We are receiving 
much sicker patients and therefore our statistics tend to be loaded with 
patients who are exsanguinating. However, in the longer transport 
areas, such as Dr. Zeppa’s area in Miami, is there room for an efficient 
intravenous fluid? We, like Dr. Holcroft, have been looking at hyper- 
tonic salt plus colloid, which gives more expansion per unit volume 
during a critical period. One area that we might look to improve is that 
during the transport of the patient. 

The second group most often accounting for early death are patients 
with severe hemorrhage. Stopping the bleeding is important, and we 
have used an item called the aortic occluder balloon. This can be 
instituted percutaneously into the femoral artery in less than 1 minute 
and put up into the lower thoracic aorta and perhaps will solve the 
problem of the emergency department thoracotomy. The occluder 
balloon seems to be a good way of getting at this, perhaps even quicker 
than that accomplished by thoracotomy, even though we have attend- 


ing surgeons in the emergency room all the time. 


Dr. KENNETH G. SWAN (Newark, New Jersey): As weapons of 
assault become more lethal as well as numerous in the United States 
taday, and as deaths increase annually, I believe we should be more 
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' precise in ballistics. Dr. Feliciano, what were the weapons used in the 
300 gunshot wounds? What percentage were high-velocity hand guns 
and what percentage of the wounds were caused by rifles? Were there 
any shotgun wounds included in your series? Did these percentages 
play a role in the outcome? 


Dr. DAVID V. FELICIANO (Closing discussion): I thank all the dis- 
cussants for their comments and questions. 

Dr. Trunkey asked about coagulopathies. We resuscitate our pa- 
tients at Ben Taub with packed red cells and give 1 unit of fresh frozen 
plasma for every 4 units of packed cells. We give 6 units of platelets for 
every 6-10 units of packed cells. We are using component therapy 
under the direction of our blood bank, and we have been unable to 
convince them that we need to give fresh whole warm blood to some 
patients with coagulopathies. There were no Factor V or Factor VIII 
deficiencies. The platelet counts in almost all of our bleeding patients 
have been between 50,000 and 75,000, and this is due to a combina- 
tion of acute hemorrhage, limited replacement of platelets, and dilu- 
tion. 

In answer to both Dr, Wilson and Dr. Trunkey, we use autotransfu- 
sion less than in the past. The reasons for this include recognition of the 
fact that you must wash the blood several times to remove the heparin, 
and, secondly, there is laboratory and clinical evidence that platelets 
take a significant beating from most of the modern autotransfusion 
devices. My personal policy is not to use autotransfused blood in the 
operating room, but to send it to the blood bank for further washings 
and use it only in the intensive care unit if necessary. 

Dr. Trunkey also asked about whether an attending surgeon in the 
emergency center makes a difference in the patients who required an 
emergency center thoracotomy. It depends on whether you are asking 
the attending surgeons at Ben Taub or asking the senior residents. If 
you ask the latter group, I do not believe that they think it makes any 
difference. 

Dr. Richardson asked about the five patients who died later. All of 
them had profound shock on admission. Our group has previously 
reported some lymphocyte transformation studies in these profoundly 
shocked patients (Surgery 1986; 99:549 and Arch Surg 1987; 122:697), 
All of these patients have suppressed lymphocyte populations. 

Dr. Richardson asked about medical control. In Houston, the Direc- 
tor of the city’s fire department EMS system, Dr. Paul E. Pepe, is a 
full-time member of the Baylor faculty and an internist with pulmo- 
nary and trauma training from Dr. Carrico’s group at the University of 
Washington. Therefore, we have good control over what our para- 
medics do. 

The geography in Houston is similar to that which Dr. Zeppa de- 
scribed for Miami. We are not a small city like Denver or San Fran- 
cisco, and transit times for many of our trauma patients exceed 20-25 
minutes. There are only two Level I trauma centers in Houston, and 
they are both next to one another in a noncombat zone of the city. 

Dr. Richardson also asked about the need for emergency center 
thoracotomy. It simply depends on your philosophy as a trauma 
center. If you can save 1-3% of 29-year-old patients who are going to 
have another 50 years to live, then you have to decide whether this is 
worthwhile or not. Our statistics over the years have shown a very low 
yield with emergency center thoracotomy for abdominal gunshot 
wounds, but we believe in it because it saves a small subset of patients 
who would not otherwise make it to the operating room. 

Dr. Thal commented on the use of diagnostic peritoneal lavage 
(DPL). The reason it was not commented on further in the paper is that 
it involved such a small subset of patients in this series. Use of DPL in 
this group of patients with abdominal gunshot wounds, if they are 
asymptomatic, is selective in our hospital, and most of the residents 
and attending surgeons have remained uncomfortable with its use for 
the patient with a gunshot wound in proximity to the abdomen. 

Our wound infection rates in Dr. Jon Burch’s paper on colonic 
injuries from the Annals of Surgery 2 years ago (Ann Surg 1986; 
203:701) were 3.0% for simple closure of the colon wound, 5.3% when 
a colostomy was performed, and 4.0% when an exteriorized repair was 
performed. 
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Dr. Thal asked about the combination of injuries. The high-risk 
patient is one with an upper abdominal vascular injury in combination 
with an injury to a solid organ such as the liver or pancreas, as well as 
an injury to the small bowel or colon. They either die acutely of 
hemorrhage, or they die several weeks later of the sepsis induced by the 
colonic injury. 

Dr. Thal commented on our survival as compared with Dr. Litwin’s 
series at Charity Hospital in 1976. We had exactly the same survival as 
that series; however, it should be noted that their incidence of vascular 
injuries was 10.9% and ours was 24.6%. We believe that many of the 
changes that I showed during the presentation are maintaining that 
good survival rate in a much sicker group of patients with a greater 
magnitude of injuries. 

Dr. Pate, we thank you for your comments. We do not routinely 
perform a large number of studies on our patients with coagulopathies. 
It is a rule of thumb in our trauma center that once a patient receives 
10 units of bank blood, a coagulopathy is going to develop. His mortal- 
ity increases accordingly (J Trauma 1987; 27:903). 

Dr. Wilson asked about the cost of an emergency center thoracot- 
omy, especially in this group of patients who have very low yield. At 
Ben Taub, the cost of an emergency center thoracotomy is approxi- 
mately $900. In each hospital in which such procedures are performed, 
the hospital has to determine if it will charge the patient’s family for 
this procedure if the patient dies. Dr. Wilson also asked about the role 
of the thoracotomy in the operating room before opening the abdo- 
men. We do use this, but I believe that all trauma surgeons recognize 
that if you open another body cavity in a patient who is already hypo- 
thermic and has developed an early coagulopathy, your heat loss and 
coagulopathy are accelerated incredibly. In general, our senior resi- 
dents and attending surgeons try to get vascular clamp or compressor 
control of the supraceliac aorta in the hiatus, which will take 1 or 2 
minutes, We use operating room thoracotomy, but are very selective in 
its use, and use it much less in recent years. 

We agree that if you have controlled the major sources of hemor- 
rhage and a patient has a temperature under 32 C, you should termi- 
nate your operation. You can always put umbilical tapes around the 
open ends of the bowel, pack the liver, pack the retroperitoneum for 
oozing, and use the towel clip closure on the skin. We are very careful 
with heat control at Ben Taub. All of our patients are placed on heating 
blankets that are turned on at the beginning of the operation, receive 
warmed crystalloid solutions in the emergency center and operating 
room, and are maintained on a high temperature humidifying cascade 
on the anesthesia machine. 

Dr. Wilson also asked about the hospital stay in the high-risk group, 
and I do not have these data for you. 

Dr. Zeppa commented also about some of the mechanisms to pre- 
serve body heat. We do not use the head wrap, and we really should as 
we are aware of the data that show that this maneuver will decrease the 
rate of heat loss. 

The current incidence of HIV positivity in Ben Taub in trauma 
patients is unknown. 

Dr. Stahl asked about whether we should consider the treatment of a 
low pH in the field. That is a valid consideration in these patients, but 
the truth is you can treat a low pH all night and you will not save the 
patient if you have not reversed his shock. He also asked about the role 
of hypertonic saline. Dr. Kennoth Mattox is taking part in a three 
center study on the use of hypertonic saline for resuscitation in the 
field. The data from a preliminary study are going to be published in 
the American Journal of Surgery in the next few months. 

Dr. Stahl also asked about the balloon device for aortic occlusion. I 
recently reviewed a paper on this device, and at this time I am abso- 
lutely unconvinced that it makes any difference in these patients. In 
truth, there have been many technical problems with its insertion in 
some centers, and I would have to question whether it should be used 
at this time. 

Dr. Swan, there were'no shotgun wounds in this series. We did not 
record the type of missile that was responsible for the abdominal 
wound. We had a combination of low-velocity handgun wounds, with 
some .357 Magnums, but those data are not available. 
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Immunologically Mediated Disease of the Airways 
after Pulmonary Transplantation 
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Obliterative bronchiolitis has occurred in eleven of 30 recipi- 
ents of cardiopulmonary allografts who survived at least 4 
months after transplantation, has caused significant morbidity, 
and has been associated with four of eleven late deaths in this 
series. Although some improvement, or at least stability, of 
pulmonary function has followed augmented immune suppres- 
sion, it appears that once the process is recognized clinically, 
much of the damage to the airways is irreversible. The histopa- 
thology, response to therapy, and, most important, the re- 
sponse of donor specific alloreactivity in the lymphocytes from 
the lung (bronchoalveolar lavage and peripheral blood) suggest 
immune- mediated basis for bronchiolitis obliterans. The pres- 
ence of donor specific alloreactivity detected by primed lym- 
phocyte testing predicted obliterative bronchiolitis in five of 
six recipients (83% sensitivity, 91% specificity) was absent in 
ten of eleven recipients who have not as yet developed the 
process (negative predicted value of 91%). Currently, the pres- 
ence of a positive primed lymphocyte test in the bronchoalveo- 
lar lavage of the cardiopulmonary recipient is an indication for 
early treatment by augmented immune suppression. 


ARDIOPULMONARY TRANSPLANTATION has be- 

come a potentially useful therapy for patients 

with terminal cardiopulmonary disease.'~> Its 
emergence as a reliable treatment will depend on a low- 
ered operative mortality and better understanding of the 
later-developing obliterative bronchiolitis, which causes 
a morbid obstruction of the airways.*° Our experience 
with cardiopulmonary transplantation, which began in 
1982 and now includes 64 procedures, suggests that the 
disease that can afflict the airways of the allograft is a 
form of chronic rejection, and is likely targeted against 
the respiratory epithelium of the donor. We believe this 
allogeneic response can be detected at a potentially re- 
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versible stage through analysis of lung and blood lym- 
phocyte’s phenotype and immunologic function. Clini- 
cal manifestations of obstructive disease of the airways 
occur when the process is in part irreversible, and effec- 
tive treatment by augmented immune suppression will 
require the type of anticipatory signal provided by the 
functional analysis of lymphocytes within the allograft. 
This review describes our experience with obstruction 
disease of the airways after cardiopulmonary transplan- 
tation, and suggests early treatment based on lympho- 
cyte functional and phenotypic predictors as a reason- 
able strategy for the future. 


Materials and Methods 
Immunosuppressive 


Generally, perioperative immunosuppression con- 
sisted of azathioprine (1-2 mg/kg/day), cyclosporine 
(5-7.5 mg/kg/day), and rabbit antithymocyte globulin. 
Unless we responded to suspicion of acute rejection of 
the lung with methylprednisolone (1 gm/day for 3 days), 
steroids were withheld until the fourteenth to twenty- 
first postoperative day. Before 1986, by the twenty-first 
postoperative day, prednisone (15-20 mg/day) was sub- 
stituted for azathioprine as maintenance therapy with 
cyclosporine. Since 1986, we have become increasingly 
aware of the need to use less cyclosporine (400-500 
ng/ml whole blood RIA, Sandoz) to avoid its nephrotox- 
icity, and also of the likelihood that obliterative bron- 
chiolitis is immune-mediated and thus requires consid- 
eration for more, not less, immune suppression. For this 
reason, our chronic treatment since 1986 has included 
azathioprine. Obstructive disease of the airways detected 
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y progressive abnormalities in measured pulmonary 
function was treated with augmented oral and intrave- 
nous (I. V.) steroids and by depletion of lymphocytes by 

rabbit antithymocyte globulin and/or the monoclonal 
antibody OKT3™(Ortho Pharmaceutical, Raraz- 
tan, NJ). 


Follow-up of Patients 


Radiographs of the chest, bronchoalveolar lavage 
(BAL) and arterial blood gases, and pulmonary function 
studies that included spirometry, flow volume loops, 
lung volumes, and single breath diffusing capacity for 
carbon monoxide (DLCO) were performed at the end of 
the initial hospitalization and every 3 months thereafter, 
unless clinical circumstances indicated they be obtained 
more often. 

Because isolated cardiac rejection has been rare and is 
detected within the first 3 postoperative weeks only, the 
endomyocardial biopsy that was initially used weekly 
early after operation and for 1 to 3 months thereafter is 
_ now used early less frequently and is discontinued after 
3 months.° Initially, lung tissue was analyzed after open 
biopsy, when symptoms or pulmonary function abnor- 
malities were noted. Recently, transbronchial biopsy of 
lung tissue has been used with success, and biopsies are 
now performed routinely every 3 to 4 months. 

When our experience with cardiopulmonary trans- 
plantation first began in 1982, bronchoalveolar lavage 
was performed only when an abnormal chest radiograph 
indicated either infection or acute rejection, but is now 
performed regularly. The lavage fluid is cultured and 
stained, and the total number of cells counted and dif- 
ferentiated as lymphocytes, macrophages, or neutro- 
phils. Immunostaining is performed on the BAL and 
peripheral blood (PBL) to identify lymphocyte pheno- 
types (CD3, CDs, CDg, HNK-1, CD25, and CD20). Con- 
centrated BAL fluid and cells are submitted for gram 
stain, direct fluorescent antibody for legionella, AFB 
smear, and cultures for cytomegalovirus (CMY), Ep- 
stein-Barr virus (EBV), adenovirus, Herpes simplex, in- 
fluenza, varicella zoster, mycoplasma, bacteria, fungus, 
and Legionella. Methenamine silver and toluidene blue 
stained cytocentrifuge smears of BAL cells and lung tis- 
sue are examined for the presence of Pneumocystis car- 
inii organisms. Recently, immunostaining for CMV has 
become routine. | 

Since 1984, we have studied the immunologic reactiv- 
ity of lymphocytes in the BAL and PBL. A donor-spe- 
cific allogeneic response is measured by the primed 
lymphocyte test (PLT). PBL lymphocytes are separated 
from whole blood by Ficoll-hypaque gradient centrifu- 
gation. BAL lymphocytes are separated by incubation of 
BAL cells with carbonyl iron followed by magnetic cen- 
trifugation. Lavage and blood lymphocytes are incu- 
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bated in culture with irradiated lymphocytes obtained 
from the spleen of the donor at the time of cardiopulmo- 
nary transplantation. The proliferation of lung and 
blood lymphocytes is measured by their incorporation 
of tritiated thymidine, and this proliferation represented 
the degree of alloreactivity (PLT) present in a particular 
culture. The PLT is judged positive when the mean 
counts per minute of the recipient/donor cell cultures 
are four times those obtained from cultures of the recipi- 
ent’s blood or lung lymphocytes not stimulated by the 
donor’s cells (spontaneous proliferation). Measurement 
of proliferation after a short 72-hour incubation period 
is chosen to detect a secondary or primed alloreactive 
response of the recipient lymphocytes against the donor 
cells. 

Histologic specimens obtained from transbronchial 
and open biopsy and autopsy are serially sectioned and 
histochemically stained by hematoxylin and eosin, Gro- 
cott (fungi and protozoal), AFB (mycobacterial), Brown 
and Brenn (bacterial), trichrome (smooth muscle and 
collagen), and elastic van Gieson. Immunostaining 1s 
performed’ on freshly frozen tissue, using the avidin/ 
biotin complex method for T and B lymphocytes and 
for Class II major histocompatibility antigens (DR, DQ, 
and DP) in the bronchiolar epithelium. 


Results 
Survival and Incidence of Obstructive Airway Disease 


Between March 1982 and February 1988, 34 and 58 
patients have been discharged from their operative hos- 
pitalization, and the overall survival rate between | and 
65 months has been 41% (24 of 58). Infection within the 
thorax, usually of the lungs, has been the most common 
cause of death (19 of 37). Few infectious deaths, how- 
ever, have occurred beyond the third postoperative 
month. Progressive pulmonary insufficiency that oc- 
curred in eleven of 30 recipients who survived at least 4 
months has been responsible for 40% (4 of 10) of the late 
deaths. Obstructive disease of the airways was detected 
clinically between the 185th and 650th postoperative 
day (Table 1). Histologic diagnosis of obliterative bron- 
chiolitis was made for eight of the eleven recipients with 
disease of the airways. Tissue was obtained through au- 
topsy in two patients, open biopsy of the lung in four 
patients, transbronchial biopsy in two patients, and was 
clinically diagnosed through the use of radiographs and 
spirometry in three other recipients. Patients with obli- 
terative bronchiolitis initially experienced a nonproduc- 
tive cough and subsequent progressive shortness of 
breath. Although chest radiographs have generally been 
normal in this group, spirometric tests of pulmonary 
functions have confirmed a worsening restrictive and 
obstructive process. 
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TABLE 1. s 
Initial PLT First Clinical Symptoms Abnormal PFT Definite Diagnosis 
Post- Immune Post- Immune Post- Immune Post- Immune 
Patient operative Suppression operative Suppression operative Suppression operative Suppression 
= Day Location (mg/kg/day) Day (mg/kg/day) Day (mg/kg/day) Day Criteria (mg/kg/day) 
2 N/A 176 CSA (7.8) 285 CSA (4.5) 300 clinical CSA (4.5) 
Pred (0.22) Pred (0.16) Pred (0.16) 
6 N/A 160 CSA (6.4) 274 CSA (5.6) 574 autopsy CSA (4.6) 
Pred (0.37) Pred (0.37) Pred (0.74) 
11 N/A None None 245 autopsy — 
14 135 BAL, PBL CSA (4.4) 281 CSA (3.8) 281 CSA (3.8) 281 open biopsy — 
Pred (0.22) Pred (0.22) Pred (0.22) 
Aza (1.0) Aza (1.0) 
17 120 BAL, PBL CSA (5.8) 551 CSA (3.3) 618 CSA (2.5) 618 open biopsy — 
Pred (0.23) Pred (0.18) Pred (0.20) 
Aza (1.0) 
30 359 BAL, PBL CSA (14.2) 381 CSA (14.2) 381 CSA (14.2) 431 open biopsy CSA (12.5) 
Pred (0.23) Pred (0.23) Pred (0.23) Pred (0.62) X 
31 367 BAL, PBL CSA (7.6) 743 CSA C.D) 367 CSA (7.6) 743 TTB CSA (3.3) al 
Pred (0.23) Pred (0.16) Pred (0.23) Pred (0.16) 
Age (1.15) Aza_ (1.7) Aza (1.2) Aza (1.7) 
32 N/A 486 CSA (11.0) 650 CSA (11.0) 650 clinical, CSA (11.0) 
Pred (0.33) Pred (0.33) bronchiectasis Pred (0.33) 
33 N/A 306 CSA (11.4) 306 CSA (11.4) 306 clinical, CSA (11.4) 
Pred (0.26) Pred (0.26) bronchiectasis Pred (0.26) 
46 335 BAL CSA (3.3) None None 415 TBB CSA (4.4) 
Pred (0.43) Pred (0.43) 
49 95 PBL CSA (12.2) 132 CSA (12.0) 185 CSA (10.0) 185 open biopsy CSA (10.0) 
Pred (0.22) Pred (0.22) Pred (0.22) Pred (0.22) 35 


PFT = Pulmonary function test. 
TBB = Transbronchial biopsy. 
CSA = Cyclosporine. 


Pred = Prednisone. 
Aza = Azathioprine. 


This was accompanied by improvements in diffusion 
(DLCO) and arterial blood oxygenation (Table 2). Im- 
portantly, in the absence of infection or rejection airway 


Histopathology of Obstructive Airway Disease 


The bronchiolar injury that results from obstructive 
disease of the airway is an obliterative bronchiolitis and 
presumably begins with epithelial injury induced by ac- 
tivated lymphocytes, resulting in epithelial necrosis with 
sloughing of cells into the lumen (Fig. 1). Fibroblasts 
and endothelial cells organize the intraluminal debris 
into polypoid masses of granulation tissue (Fig. 2) that 
may be reabsorbed, organized into eccentric or concen- 
tric plaques of dense collagen, or completely occlude 
and obliterate the lumen of the bronchiole. Injury to the 
small bronchi predisposes them to dilate, due to loss of 
smooth muscle support, and terminate in cylindrical 
bronchiectasis with mucopurulent secretions retained 
within the airways (Figs. 3, 4). This problem is com- 
pounded by superimposed infection. 


Pulmonary Function Studies 





In patients without apparent rejection or infection, 
pulmonary function studies reveal a moderate restric- 
tive defect (decreased FVC and FRC) that nearly re- 
solves by the first 12-18 months after transplantation. 


FIG. 1. Early injury in bronchiolitis obliterans consists of lymphocytes 
infiltrating the peribronchiolar regions and submucosa. Intraepithelial 
lymphocytes are prominent (insert) (H&E, 125; insert, H&E, X500). 
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FIG. 2. With continued injury, plugs of granulation tissue occlude the 
lumen of bronchioles. This feature is associated with foamy macro- 
phages, reflecting the obstruction of airways. (EVG,, X125). 


function, as assessed by the FEV,%, feFs_7;% and 
FEV ,/FVC, is normal as early as 3 months after trans- 
plantation and does not change for up to 6 years. In 
eleven recipients, a restrictive and obstructive defect was 
first noted at an average of 3 months after previously 
normal values on the 258 + 140 postoperative day 
(Table 3). The abnormalities were associated with an 
elevated functional residual capacity, reduced diffusing 
capacity, and oxygenation. By the time definitive diag- 
noses of obliterative bronchiolitis were established, fur- 
ther deterioration had occurred (Table 3). 





Fic. 3. At the end stage, bronchioles may be completely occluded by 
granulation tissue, with residual smooth muscle hinting at the original 
scarred bronchiole (H&E, X315). 
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FiG. 4. Some bronchioles may have a small residual compression 
lumen (H&E, X315). 
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Immunopathology of Clinical Rejection 


Evidence for donor-specific alloreactivity in the form 
of a positive PLT from lymphocytes separated from the 
BAL and PBL was present in five of six recipients who 
developed chronic rejection (83% sensitivity, 91% speci- 
ficity), and was absent in ten of eleven recipients who 
have not developed disease airways (negative predictive 
value of 91%). In those recipients with chronic rejection, 
the correlation between PLT in the BAL or PBL was 
significant (p < 0.05) (Fischer’s exact test). Clinical 
symptoms of cough and mild dyspnea (358 + 205 days) 
and measurable decrease in pulmonary function (372 
+ 159 days) followed detection of PLT (161 + 192 days) 
(Table 3). Three months after clinical symptoms (and 
thus nearly 6 months after detection of the presence of 
PLT), a definitive diagnosis of chronic rejection and 
initiation of augmented suppression was achieved. In 
four of five recipients, both BAL and PBL expressed 
donor-specific alloreactivity, yet the magnitude of re- 
sponse was always greater for BAL lymphocytes. In the 
remaining recipient, the PLT was positive in the BAL 
and negative in the PBL. Before PLT monitoring was 
established, two patients exhibited obliterative tron- 
chiolitis at the time of autopsy. BAL and, consequently, 
PLT have not been performed in two surviving patients 
with established and advanced obstructive disease asso- 
ciated with mucopurulent secretions from bronchiec- 
tasis, because specimens are likely to be contaminated 
with bacteria and neutrophils and because, in this group, 
BAL has been associated with significant morbidity. 

Lymphocyte phenotypes from BAL and PBL revealed 
a relationship between an increased proportion of CD, 
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TABLE 2. Sequential Estimates of Pulmonary Lung Function in Recipients Without Infection or Rejection 
Postoperative Months 
3 6 12 18 24 30 48 
FVC (%)t 56215 70 +17 74 + 19* 74 + 19* 83.13 84+ 13 77+ 14 
No. (39) 26 23 14 4 6 4 
FEV, (%) 67 + 16 78+ 19 84 + 22* 84 + 24* 95 + 20 92+ 14 87 +17 
No. (39) 26 23 14 4 6 4 
FEV ,/FVC 90+ 8 90+ 8 90+ 6 88+ 7 89+ 5 88+ 4 S7 +13 
No. (39) 26 23 14 4 6 4 
FEF 25-75 (%) 82 + 32 85 + 31 88 + 28 87 + 31 90 + 29 86 + 23 85 + 24 
No. (38) 26 23 14 4 6 4 
FRC (%) 72 + 19 74+ 21 77+ 18 72.23 84+ 7 72 732 @ 
No. (27) 16 13 6 4 l 4 
DLCO (%) 72:20 81+ 23 89 + 23* 87 + 29* 89 + 25 92 103 + 24 
No. (29) 17 15 7 4 l 2 
PaO, (RA) 89 + 12 87 + 16 952 67 90 + 16* 92+ 2 83+ 6 97 
No. (21) 13 14 “J 3 3 l 
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* Significantly different as compared with 3 months after transplan- 


tation by the Wilcoxon signed rank test. 


lymphocytes and an increased CD,4/CDg ratio and 
chronic rejection only (Table 4). In the absence of infec- 
tion or rejection, the CD,/CDs ratio in the pulmonary 
allograft was 0.8 + 0.5, and in the PBL was 1.3 + 1.1. A 
CD,/CD; ratio greater than 1.8 in BAL and 2.5 in PBL 
was considered elevated. In both PBL and BAL, an ele- 
vated CD,/CD; ratio occurred in four of the seven recip- 
ients who eventually developed chronic rejection (sensi- 
tivity 57%). An increased CD,/CDg ratio was also de- 
tected in the PBL of two additional at-risk patients. A 
“normal” CD,/CDs ratio was present in the BAL of 14 
of 17 recipients (negative predictive value of 82%) and in 


+ Percent predicted. Data expressed as mean + 150. 


the PBL of twelve of 15 recipients (negative predictive 
value of 80%) who exhibited no evidence of chronic 
rejection. Thus, a significant correlation (p < 0.05) 
(Fischer’s Exact Test) exists between an elevated CD,/ 
CD; ratio and PBL, and especially in the BAL and sub- 
sequent development of chronic rejection. 


Response to Augmented Immunosuppression 


All recipients who developed chronic rejection were 
believed to have received a reasonably therapeutic level 
of immune suppression that equaled the treatment re- 


TABLE 3. Sequential Pulmonary Function in Recipients who Developed Chronic Rejection 


Before PLT Initial PLT Time of Diagnosis of 
and/or Increased and/or Increased First Clinical Obliterative 
CD,/CDs CD,/CDs Symptoms Bronchiolitis 
Postoperative Day 202 + 134 258 + 140 356 + 157 555 + 450 
FVC (%)t 122 20 75 24 69 + 20 66+ 23 
No. 8 8 11 11 
FEV, (%) 81+ 20 834 27 69 + 24 66+ 27 
No. 8 8 11 11 
FEV,/FVC 2+ 6 90+ 6 79 xs: 12 9x 13 
No. 8 8 11 11 
FEF 35-75 (%) 105+ 45 91+ 35 61* + 37 57+ 39 
No. 8 8 11 11 
FRC (%) TAs is Srt 22 88 + 17 92+ 19 
No. 7 6 9 8 
DLCO (%) 724 18 68+ 24 TS = 26 732.2 
No. 7 7 10 9 
PaO, (RA) 3 5 96+ 13 §2- + 127 75+ 14 
No. 6 6 9 10 


aS 


* Significantly lower (p < 0.05) as compared with the previous value 
by the Wilcoxon signed rank test. 


+ Percent predicted. Data expressed as mean + 150. 
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TABLE 4. Cellular Profile of BAL in Recipients who Developed Chronic Rejection 


Time of Diagnosis of 

Before Increase of Initial Increase of Time of First Obliterative 

CD,/CDs, CD,/CDs, Biopsy Bronchiolitis 
No. of total cells 46 +37t 66 +64 122 +234 42 +31 
Macs (%) 60 +21 49 +21 S1 = 24 $1 +26 
Lymphs (%) 25 #22 38 +20 iS &: 12" 7 +11 
PMN (%) 15 .=21 13 +27 33 œr 30 31 +33 
CD, (%) 21 6210 43 +13* 323.2 <2 35 n 
CD; (%) 40 +14 36 +25 43 + 22 42 +21 

CD,/CDs 0.8+ 0.3 Zit 36° LO 63 10+ 0.4 





* Significantly different from previous value by the Wilcoxon signed 
rank test. 


ceived by those who did not have obliterative bronchio- 
litis (Table 1). Of the eleven recipients with rejection, 
two died before our current understanding of the pro- 
cess and did not receive additive immune suppressive 
treatment; three other early recipients had established 
obliterative bronchiolitis with recurrent infections and 
constant purulent sputum from severe associated bron- 
chiectasis, and azathioprine has recently been added, 
with caution, to their regimen; and the remaining five 
recipients are now receiving azathioprine and have re- 
ceived additional therapy with methylprednisolone (1 g 
daily for 3 days) and oral prednisone (taper from 100 
mg) alone and in combination with either ATG or 
OKT;. An initial improvement in pulmonary function 
and/or biopsy occurred in these five recipients (Figs. 
S5A-C), but did not last; all patients required additional 
treatments within 1-3 months. Two of these patients 
have died, one patient of myocardial infarction 18 
months after transplantation, and the other of sepsis and 
severely impaired pulmonary function (FEV; 20%). The 
three remaining recipients with chronic rejection appear 
stable with adequate pulmonary function but little re- 
serve (FEV, between 50 and 62%). After treatment, spi- 
rometry has improved but has not reached previous 
levels, and the PLT has been suppressed. Relapse has 
been associated with an increase in PLT and a decline in 
pulmonary function. Recently, we have detected ongo- 
ing bronchiolitis by transbronchial biopsy in one patient 
whose spirometry had improved but whose PLT was 
elevated. 


Discussion 


Obliterative bronchiolitis after cardiopulmonary 
transplantation was first reported in 1984 by Burke et 
al.* This airway obstruction was also associated with 
occasional bronchiectasis and recurrent infections. At 
that time, the disease of the airway had not been noted 
in experimental animals, and subsequently, has still not 
been recognized in chronically surviving subhuman pri- 
mates that provided the impetus for human cardiopul- 
monary transplantation. Obliterative bronchiolitis had 
previously been recognized as a common response to 


+ Data expressed as mean + 150. 


pulmonary injury from toxic exposure and infection, 
and had also been linked to immune-mediated mecha- 
nisms in autoimmune diseases and as a form of chronic 
graft versus host reaction after the transplantation of 
bone marrow tissue. ’~'* 

In our series, obliterative bronchiolitis has been com- 
mon in patients who survived for more than 4 months 
and has affected eleven of 36 recipients. It has been 
associated with the deaths of four of those afflicted. An 
immune basis for this process is likely, because it has 
been predicted by donor-specific alloreactivity of lung 
and blood lymphocytes and has been at least temporar- 
ily responsive to augmented immune suppression, and 
also because no infection has been detected when the 
PLT was observed or when the diagnosis of chronic re- 
jection was established. Although a slight relationship 
between obliterative bronchiolitis and human leukocyte 
antigen matching has been suggested,'? we have not 
been able to make similar observations in a larger group 
of our recipients. The histopathology of obliterative 
bronchiolitis suggests that activated lymphocytes infil- 
trate and damage the airway and are seemingly attracted 
to epithelial targets that express Class II antigens. This 
results in dilatation of bronchi by loss of smooth muscle 
and obstruction to the small bronchioles by organiza- 
tion of intraluminal polypoid granulation tissue. 

Prop et al. have shown that rat lung allografts that 
reject promptly contain large amounts of bronchial-as- 
sociated lymphoid tissue, which likely stimulate prompt 
and strong allogeneic responses.'* Our own studies have 
documented the persistence of donor lymphocytes and 
macrophages within the transplanted lung, and it is also 
possible that this persistence of donor cells within the 
abundant reticuloepithelial repositories of the lung may 
contribute to a limited graft versus host reaction within 
the lung that may augment a rejection process through 
the release of various lymphokines and other complex 
cellular mechanisms.!° It is of interest that obliterative 
bronchiolitis has not as yet been recognized after single 
or double lung transplantation (J. D. Cooper, personal 
communication, January 1988). In the fewer patients at 
risk, its absence might be due to good fortune, but it 
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Fic. 5A. Original biopsy. A 
marked lymphocytic bron- 
chiolitis was noted with 
prominent intraepithelial 
lymphocytes (right) (left, 
H&E, X125; right, H&E, 
X500). 


FIG. 5B. Second biopsy. Organizing plugs of granulation tissue and 
chronic inflammation were more exuberant after OKT, therapy 
(H&E, X315). 


might also be related to the fact that significantly less 
donor-related lymphatic tissue is transplanted with the 
single or double lung block. 

Romaniuk et al. have shown that during rejection of 
rat single lung allografts, Class II histocompatibility an- 
tigens were expressed on infiltrating lymphocytes and 
were also induced on the bronchiole epithelium. '® After 
treatment with CsA, signs of rejection were restricted to 
the epithelium of the airways that continued to express 
Class II antigen. It is known that Class II antigen expres- 
sion in the airway can also result from infection, and it is 
intriguing that donor-specific alloreactivity (PLT) was 
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Fic. 5C. Third biopsy. Obliterative bronchiolitis resolved with a re- 
duced inflammatory infiltrate. Residual regeneration of epithelium is 
seen (H&E, 315X). 


frequently detected in our patients after infections from 
P. carinii, CMV, and EBV, and always antedated the 
early clinical signs of cough and dyspnea and fall in 
expiratory lung volumes. Because for all the recipients, 
rates of infection are high after cardiopulmonary trans- 
plantation, the usual finding of Class II antigen on the 
bronchial epithelium has not been a predictor of those 
who will develop chronic rejection. If these infections 
can incite a rejection response by inducing the expres- 
sion of Class II antigen, their prevention might also de- 
crease the prevalence of chronic rejection. Routine im- 
mune-peroxidase staining for Class II antigen on se- 








uentiai transbronchial biopsy specimens should, in the 
future, help clarify the relative importance of Class II 
antigen. 

It has previously been suggested that pulses of meth- 
ylprednisolone and increased maintenance immune 
suppression with cyclosporine, prednisone, and azathio- 
prine can partially reverse and reduce the rate of decline 
of airflow in patients with established obliterative bron- 
chiolitis.'”'® We have found that it is difficult to maxi- 
mize maintenance triple drug therapy because recipients 
have often required adjustments, due to individual tox- 
icities of the drugs and the presence of intercurrent in- 
fections. We now use a triple drug regimen but experi- 
ence suggests that intermittent and, we hope, earlier 
augmented immune suppression with therapy that de- 
pletes lymphocytes, such as rabbit antithymocyte globu- 
lin or OKT3, will also be required. 

If the detection of a PLT represents an alloreactive 
process that results in an injury to the airways, it be- 
comes evident that standard pulmonary function stud- 
ies do not detect this early phase of chronic rejection. 
Our data indicate that, on average, 3 months elapse be- 
tween the development of a PLT and the onset of symp- 
toms or pulmonary function changes. It is quite likely 
that substantial injury to the allograft is occurring unde- 
tected. Such a possibility was exhibited in one of our 
patients whose pulmonary function had improved after 
augmented immune suppression, but who continued to 
have a PLT and histologic evidence by transbronchial 
biopsy of persisting bronchiolitis obliterans. Our experi- 
ence, as well as that of others,*!” is that chronic rejection 
diagnosed when symptoms or pulmonary function dete- 
riorates is difficult to treat effectively, whereas aug- 
mented immune suppression may stabilize or modestly 
improve pulmonary function. 

The data from BAL confirms that the increased CD,/ 
CDs ratio is secondary to an increase in the percentage 
of CD, lymphocytes, and that this occurs when the PLT 
is first detected. Interestingly, when PLT is present, the 
percentage of lymphs is at its highest, and when symp- 
toms or abnormal PFT occur, the total cell count is at its 
highest due to an influx of neutrophils. This suggests 
that the neutrophils play a major role in injuring the 
lung and in initiation of cough and shortness of breath. 
Later, when the diagnosis is made, the total cell count 
has decreased, suggesting that the major inflammatory 
and destructive process has passed and that treatment at 
this stage is ineffective. 


DISCUSSION 


DR. RICHARD E. WILSON (Boston, Massachusetts): I wonder if 
changes in systemic host reactivity might be able to be determined, 
along with standard tests, so that it could be possible to begin therapy 
for rejection earlier than just depending on finding reactive lympho- 
cytes in the serum? 
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No patient with obstructive airway disease has ever 
experienced complete recovery, and most follow a re- 
lentless downhill course. It may well be, however, that 
earlier treatment at the peak of the alloreactive process, 
when the PLT is first present, might be more effective. 
Earlier detection and earlier treatment of chronic rejec- 
tion represents our current strategy designed to reduce 
the toll exacted by chronic rejection. 
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DR. BARTLEY GRIFFITH (Closing discussion): The uniqueness of 
pulmonary transplantation is that our reactive cells can be lavaged 
directly from the affected organ. We have measured PLT in peripheral 
blood lymphocytes. It is almost universally present when the PLT is 
present within the lung lavage cells. However, the level of PLT is 
always much higher within the lung lavage, and therefore we choose 
that as the most specific measure. 


Ae 


ind. 
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A total of 250 patients with rectal adenocarcinoma were oper- 
ated on at the University of Chicago Medical Center between 
1965 and 1981. The operation performed was curative resec- 
tion in 154 patients, palliative resection in 16 patients, divert- 
ing colostomy in 21 patients, exploratory laparotomy in 11 
patients, and transanal removal in 48 patients. Of the 154 
curative resections, 115 were abdomino-perineal (APR), three 
were total proctocolectomies, and 36 were low anterior resec- 
tions (LAR). No anastomotic complications were observed in 
this latter group. Operative mortality was 3%. Complete fol- 
low-up was obtained in 152 patients (98.7%). Five- and 10-year 
actuarial survival rates were 68.8 and 59.4%, respectively, for 
patients with Dukes’ B, adenocarcinoma (n = 32), 55.8 and 
44.2% for Dukes’ B, tumors (n = 52), and 42.9% and 25.4% fer 
Dukes’ C tumors (n = 63). Distant metastases developed in 59 
patients (39.6%), and pelvic recurrence developed in another 
18 patients (12%); 5-year survival rates were 23.6% and 22.2%, 
respectively. Multivariate analysis with Cox regression 
showed that stage (p = 0.0001), race (p = 0.03), tumor mor- 
phology (p = 0.02), and vascular and/or lymphatic microinva- 
sion (p = 0.001) were statistically significant in their associa- 
tion with survival. Logistic regression analysis confirmed these 
results and allowed for the estimation of 5-year survival proba- 
bilities in 16 groups of patients defined by various associations 
of these four factors. These estimates ranged from a high of 
92% in Caucasian patients with Stage B, exophytic tumors 
with no vascular or lymphatic microinvasion, to a low of 14% in 
black patients with Stage C, nonexophytic tumors and with the 
presence of vascular and/or lymphatic microinvasion. Univar- 
iate analysis showed that histologic type (p = 0.0006), stage (p 
= 0.05) and vascular and/or lymphatic microinvasion (p 
< 0.001) were significantly associated with the incidence of 
pelvic recurrence. Analysis of the extent of the operation re- 
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vealed that the incidence of pelvic recurrence was reduced by 
the performance of a wide pelvic lymphadenectomy (9.4% vs. 
16.4%), but the result did not reach statistical significance (p 
= 0.16). In conclusion, this study confirms the well-established 
prognostic value of the Dukes’ staging classification of rectal 
carcinoma. Further, the analysis reveals that race, tumor mor- 
phology, and the presence or absence of lymphatic and/or vas- 
cular microinvasion significantly influence outcome. By associ- 
ating these four statistically significant and independent vari- 
ables, the prognosis for any individual patient can be estimated 
more precisely than by using Dukes’ staging alone. Moreover, 
univariate analysis of the data pertaining to the local recur- 
rence rate has demonstrated statistically significant associa- 
tions with Dukes’ staging, lymphatic and/or vascular micrain- 
vasion, and tumor histologic type. 


INCE THE ERA OF Miles and Dukes, surgeons and 

pathologists have sought to improve their ability 

to predict more accurately the outcomes for pa- 
tients with rectal carcinoma. Variables representing 
pathologic, clinical and therapeutic characteristics have 
been analyzed in an attempt to identify prognostic indi- 
cators. The majority of these studies have analyzed these 
characteristics through the use of a univariate analvsis 
that compares and contrasts one therapy or characteris- 
tic of that therapy with patient survival. In the treatment 
of any cancer, however, many factors influence survival. 
Therefore, in an effort to refine the present predictive 
classification, this study employed multivariate regres- 
sion analysis to identify several clinically important 
variables and assess their combined impact on patient 
survival. 


Materials and Methods 


Between 1965 and 1981, 250 patients with rectal ade- 
nocarcinomas underwent surgical treatment at the Uni- 





versity of Chicago Medical Center. All 25 patients who 
had_a transanal removal of a Dukes’ A adenocarcinoma 
survived for 5 years. Seventy-one patients recognized as 
having Dukes’ D, either pre- or intraoperatively, under- 
went a palliative resection in 16 instances; a diverting 
colostomy in 21; exploratory laparotomy in eleven; and 
transanal removal in 23. Their 5-year survival rate was 
only 2.8%. The remaining 154 potentially curable pa- 
tients form the basis of this retrospective review. 

The clinical records of all these patients were re- 
viewed, and in 152 cases (98.7%), complete follow-up to 
December 1986 was obtained through the Registry of 
Neoplastic Diseases of the University of Chicago. Data 
on age, sex, race, distance of distal tumor margin from 
anal verge, tumor morphology and size, type of opera- 
tion, length of resected distal margin, extent of pelvic 
lymph node dissection, mortality, and evidence of local 
recurrence or distant metastasis were specifically sought 
in each instance. Length of resected distal margin, 
tumor morphology and size were extracted from pathol- 
ogy reports. Tumors were defined as exophytic when 
they exhibited a polypoid growth pattern protruding 
into the lumen at least 1 cm; when lacking such charac- 
teristic growth pattern, tumors were classified as nonex- 
ophytic. Local recurrence was defined as recurrence in 
the pelvis, perineum, anastomosis, or perineal scar. 

Histologic slides and archival paraffin blocks were re- 
trieved for confirmation of diagnosis, determination of 
histologic type, stage, tumor differentiation, vascular 
and/or lymphatic microinvasion, by one pathologist 
who was unaware of the patients’ clinical course. Lym- 
phatic microinvasion was defined as the presence of 
tumor within an endothelial lined space lacking a 
smooth muscle coat; the same finding was defined as 
vascular microinvasion if the endothelial lined space 
was surrounded by a smooth muscle layer. Tumors were 
staged according to the Astler-Coller modification of 
Dukes’ classification.’ 

In 137 cases, data concerning the extent of pelvic 
lymphadenectomy were obtained from operative re- 
ports. Wide pelvic lymphadenectomy was defined as a 
lymphadenectomy, including lymph nodes distal to the 
aortocaval bifurcation along the common and internal 
iliac vessels. In 136 cases, vascular and/or lymphatic 
microinvasion was directly assessed on review of exist- 
ing slides or those obtained from archival paraffin 
blocks. The search for all other parameters of interest 
was successful in at least 146 patients. 

Data regarding the occurrence of distant metastases, 
the incidence of local recurrence, and the presence of 
tumor extension through the bowel wall were analyzed 
by the Kruskal-Wallis analysis of variance (ANOVAS 
considering each independent variable individually. 
Long-term survival was analyzed both by logistic regres- 
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sion analysis? and by proportional hazards technique.’ 
The parameters of the logistic regression and propor- 
tional hazards models were estimated through the use of 
SAS maximum likelihood procedures written by Profes- 
sor F. E. Harrell of Duke University.’ The assumptions 
of the latter model were confirmed through the use of 
the method of Schoenfield.°® . i 

The dependent variables for the long-term survival 
analyses were survival time in months for the multivar- 
iate proportional hazards regression and the 5-year sur- 
vival for the multivariate logistic regression. The follow- 
ing independent variables were entered into both regres- 
sions: age (both as a continuous variable and 
dichotomized at the age 40), sex, race, the operation 
performed (low anterior resection (LAR) vs. abdominal 
perineal resection (APR)), distance of tumor from anal 
verge (both as a continuous variable and analyzed as 
low, middle, and high rectum), length of distal margin in 
LAR, extent of pelvic lymph node dissection, tumor ’ 
size, differentiation degree, histologic type, Dukes’ stage, 
tumor morphology (exophytic ys. nonexophytic) and 
presence of vascular and/or lymphatic microinvasion. 
For dichotomized variables, coefficients were estimated 
by coding the variable as “0/1.” For example, the fol- 
lowing variables were coded: race = 0/1 for Caucasians/ ` 
blacks, Dukes’ stage = 0.1 for Stage B/Stage C, microin- 
vasion = 0/1 for absence/presence, and morphology 
= 0/1 for exophytic/nonexophytic. 

The two different long-term survival analyses were 
performed to validate the results. Both analyses involved 
different assumptions, and therefore yielded a measure 
of statistical authenticity to any conclusions that were 
arrived at by both methods. In addition, the propor- 
tional hazards model makes more complete use of the 
data, resulting in higher significance levels, and the lo- 
pistic model allows estimates of 5-year survival rates. 


Results 


The 154 rectal adenocarcinomas were evenly distrib- - 
uted over the entire length of the rectum. Sixty-one were 
located in the low rectum (below 6 cm); 40 were located 
in the midrectum (between 6 and 10 cm); and 53 were 
located in the upper rectum (between 10 and 16 cm). 
The location within the rectum had an influence on 
what type of operation was to be performed. Of the 115 
rectal adenocarcinomas treated with APR resection, 
53:0% were located in the low rectum, 25.3% were lo- 
cated in the middle, and 21.7% were located in the upper 
rectum. LAR was performed in 36 patients; the rectal 


cancers of 31% were located in the mid-rectum, and 


those of 69% were located in the upper rectum. Of these 
patients, 32 underwent LAR with primary anastomosis, 
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resulting in no anastomotic complications, and the re- 
maining four underwent LAR with end colostomy and 
Hartmann pouch. In the remaining three cases, a proc- 
tocolectomy with ileostomy was performed because of 
the concomitant presence of ulcerative colitis. In 64 pa- 
tients, the operative procedure was complemented with 
a wide pelvic lymphadenectomy, depending on the sur- 
geon’s preference. 

Follow-up analysis revealed that five patients (3%) 
died in the immediate postoperative period, and two 
were lost to follow-up. These patients were not included 
in the following analysis. Of the remaining 147 with 
complete follow-up, 89 were men and 58 were women. 
The mean age at time of operation was 61.7 years, with a 
range from 24-93 years. 

The patients’ survival was analyzed by tumor stage. 
The two patients in whom long-term follow-up data 
were not available were found to have tumors with stage 
C,. Of the remaining surviving 147 patients, tumor 
stage was B, in 32 cases, B2 in 52 cases, C, in 5 cases, and 
C> in 58 cases. The survival rates, based on life-table 
analysis, at 5 and 10 years were 68.8 and 59.4%, respec- 
tively, for patients with Dukes’ B, adenocarcinomas, 
55.8 and 44.2% for Dukes’ B, tumors, and 42.9 and 
25.4% for Dukes’ C tumors. 

A local recurrence developed in 18 patients (12%). 
The local recurrence was identified as having arisen in 
the perineum in seven patients, and in the pelvis in the 
remaining eleven. The pelvic recurrence rate was 6% for 
Dukes’ B and 20.6% for Dukes’ C tumors. Four patients 
(22.2%) with a local recurrence survived for 5 years or 
longer, and one patient survived for more than 10 years. 
The more distal the original tumor arose, the more the 
incidence of local recurrence increased. For tumors of 
the upper third of the rectum, the incidence of local 
recurrence was 8.0%, but increased to 12% for middle 
rectal lesions, and to 14% for low rectal lesions. Half of 
the recurrences were clinically evident by 1 year, and 
50% of the patients with local recurrences died by 20 


months, Of 18 patients with a local recurrence, four also _ 


had a synchronous distant metastases. Although the dif- 
ference was not statistically significant, their average 
survival rate was only 27 months, compared with 44.7 
months for the 14 patients with local recurrence but 
with no distant metastasis. 

Table 1 displays the association between several key 
variables and the incidence of local recurrence. Patients 
with Dukes’ C tumors demonstrated a significantly 
greater incidence of local recurrence than patients with 
stage B, or B;: 20.6% versus 9.6% versus 0%, respectively 
(p = 0.05, ANOVA). The presence of vascular and/or 
lymphatic microinvasion was associated with a signifi- 
cantly worse prognosis: 18 of 85 patients with microin- 
vasion developed local recurrences, compared with 
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TABLE 1. Variables Influencing Incidence of Local R 
afier “Curative” Resection of Rectal Cancer 
Local 
Recurrence p 
Variable (%) Value* 
Histologic type 
Intestinal (n = 135) 9.6 0.C006 
Mucinous (n = 11) 45.5 
Vascular-lymphatic 
microinvasion 
Absent (n = 51) 0 <0.001 
Present {n = 85) 212 
Dukes’ stage 
B, (n = 32) 0 0.95 
B, (n = 52) 9.6 
C (n = 63) 20,6 
Tumor morphology 
Exophytic (n = 76) 7.9 0.16 
Nonexophytic (n = 71) 15.5 
Length of distal margin 
Less than 4.9 cm. (n = 21) 19 0.18 
More than 5.0 cm (n = 14) 0 
Pelvic lymphadenectomy 
Conventional (n = 73) 16.4 0.16 
Wide (n = 64) 9.4 


* Value derived from univariate Kruskal-Wallis analysis of variance 


none among the 51 patients who did not have evidence 
of microinvasion (p < 0.001, ANOVA). Additionally. 
the mucinous tumors had an increased likelihood oi 
developing a local recurrence. Although only eleven pa- 
tients had mucinous tumors, a local recurrence devel- 
oped in 45.5%, as compared with 9.6% of the 135 pa- 
tients with intestinal type tumors (p = 0.0006, 
ANOVA). The incidence of local recurrence in patients 
with exophytic tumors was slightly more than half that 
of patients with nonexophytic carcinomas. The inci- 
dence of local recurrence was also reduced in patients in 
whom a wide pelvic lymphadenectomy had been per- 
formed or in whom a distal margin of at least 5 cm was 
obtained. These differences did not reach statistical sig- 
nificance. 

Fifty-nine patients (39.6%) developed distant metas- 
tases and their 5-year survival rate was 23.6%. Seventy- 
one sites were involved: lung in 27 cases, liver in 18, 
peritoneum in 13, brain in eight, bone in three, and 
supraclavicular and inguinal lymph nodes in one each. 
The liver was the single organ involved in ten cases (17% 
of patients with metastases and 6.7% of all patients). The 
likelihood of developing a metastasis was found to be 
proportional to the stage of the original tumor: 44.0% at 
Stage B and 52.4% at Stage C (p = 0.0003, ANOVA). 
Vascular and/or lymphatic microinvasion was signifi- 
cantly associated with the development of metastases; 
52.7% of patients with this characteristic developed dis- 
tant metastases, as compared with 16.7% of the patients 
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TABLE 2. Factors Influencing 5-year Survival after “Curative” Resection of Rectal Cancer 
According to the Proportional Hazards and Logistic Regression Analysis 


Logistic Regression 





Beta Standard Beta Standard 
Variable Coefficient Error p value Coefficient Error p value 
Stage 
B(n = 84) —1.04 0.26 0.0001 +1.38 0.43 0.001 
C (n = 63) 
Race 
Caucasian (n = 98) —0.56 0.25 0.03 +0.78 0.45 0.09 
Black (n = 49) 
Tumor morphology 
Exophytic (n = 76) —0.58 0.26 0.02 +1.10 0.43 0.01 
Nonexophytic (n = 71) i 
Vascular-lymphatic microinvasion 
Absent {n = 51) —1.00 0.30 0.001 +1.06 0.46 0.02 


Present (n = 85) 


without microinvasion (p < 0.0001, ANOVA). Tumors ` 
with a nonexophytic growth pattern also developed dis- 
tant metastases significantly more frequently than did 
exophytic tumors (48.6% vs. 29.7%, respectively, p 
= 0.02, ANOVA). 

There was evidence of extension through the bowel 
wall in 110 patients (74.8%). Our analysis revealed that 
the presence of vascular and/or lymphatic microinva- 
sion was associated with a significantly greater incidence 
of such tumor extension, 85.9% of patients with mi- 
croinvasion exhibited such evidence, compared with the 
55.6% of patients without microinvasion (p < 0.05, 
ANOVA). Moreover, a significantly larger percentage of 
patients with nonexophytic tumors experienced inva- 
sion through the bowel wall, compared with those with 
exophytic tumors (85.9% vs. 63.5%; p = 0.002, 
ANOVA). 

Multivariate logistic regression and proportional haz- 
ards analysis were performed to evaluate significant re- 
lationships between clinicopathologic features and pa- 
tient survival. The patient outcome variables evaluated 
were 5-year survival rates in the logistic regression and 
the survival time in months in the proportional hazards 
analysis. The independent variables entered into both 
analyses are outlined in the “Methods” section. Table 2 
summarizes the results of the analysis for those variables 
found to have statistically significant coefficients in the 
multivariate analyses. As described in the “Methods” 
- section, the proportional hazards analysis makes more 
complete use of the data, resulting in more precise sig- 
nificance levels. Of the four variables found to be statis- 
tically significant in their association with patient sur- 
vival, only race (Caucasians compared with blacks) was 
statistically significant in the proportional hazards anal- 
ysis alone, and approached significance (p = 0.09) in the 
logistic regression. The other three variables, Dukes 


stage (B compared with C), tumor morphology (exo- 
phytic compared with nonexophytic) and the absence or 
presence of vascular and/or lymphatic microinvasion 
were found significant for survival by both methods of 
analyses. 

In order to present our results in a more clinically 
useful manner, demonstrating the magnitude of the dif- 
ference in outcome observed with each significant vari- 
able in our study population, 20-year survival rates 
based on life table analyses’ were calculated for each of 
the four variables. Figures 1-4 graphically display these 
results. 

The differences in 5- and 10-year survival rates based 
on Dukes’ staging is depicted in Figure 1. It is notewor- 
thy that five patients with Dukes’ B tumors and two with 
Dukes’ C died of recurrent disease, more than 10 years 
after their curative procedure. Additionally, the pres- 
ence of vascular and/or lymphatic microinvasion was 
associated with worse long-term survival; 41.8% of pa- 
tients with this histological characteristic survived for 5 
years, compared with 71.4% of patients without such 
microinvasion (Fig. 2). Patient outcome was also found 
to differ significantly with respect to tumor morphology. 
Patients with tumors having a nonexophytic growth 
pattern experienced a worse long-term prognosis than 
patients with tumors having an exophytic growth pat- 
tern—that is, 36.6% survival at 5 years versus 69.3% 
respectively (Fig. 3). Finally, blacks were found to have a 
poorer survival than Caucasians; 42.9% of blacks sur- 
vived to 5 years, compared with 58.2% of Caucasians 
(Fig. 4). 

Although these life-table results make the differences 
in outcome associated with a specific variable readily 
apparent, they do not take into account the multifacto- 
rial association with outcome incorporated in the multi- 
variate regression analysis. This difference is clearly seen 
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when one compares the 5-year survival rates based on 
life-table analysis to the estimated 5-year survival proba- 
bilities calculated from the multivariate logistic regres- 
sion for the variables, presented in Figure 5. For exam- 
ple, the 5-year life-table survival rates classified by 
Dukes’ stages B and C are 60.7% and 42.9%, respec- 
tively. By comparison, the estimated probabilities for 
5-year survival in our population, based on the Dukes’ 
stage coefficient generated by the logistic regression, are 
73% and 41%, respectively.! This difference is due to the 
logistic regression’s separating out the influence of the 


Fic. 2. Factors influencing 
survival after curative resec- 
tion of rectal adenocarci- 
noma: lymphatic and/or 
vascular microinvasion. 20- 
year survival rate based on 
life-table analysis calculated 
for patients after curative 
resection of a rectal adeno- 
carcinoma with or without 
lymphatic and/or vascular 
microinvasion. With this 
analysis, patients who died 20 
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other significant variables and generating a coefficient 
that reflects the risk associated with Duke’s stage B or C 
apart from the risk associated with the other significant 
variables. 

Thus, in order to evaluate the influence of all four 
variables considered simultaneously on outcome, esti- 
mates of 5-year survival probabilities were based on the 
four coefficients obtained from the logistic regression, 
and were calculated for 16 different groups of patients. 
The groups were divided on the basis of those factors 
thought to have a significant effect on mortality (stage, 
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same composition as the sample considered here. Only the survival estimates given at the bottom can be generalized to accommodate populations 


with other compositions. 


Discussion 


The primary purpose of this study was to identify 
clinical or pathological characteristics that influence the 
prognosis of patients with rectal carcinoma in order to 
be able to predict more accurately their long-term prog- 
nosis. The ability to predict the long-term prognosis of 
an individual patient with colorectal carcinoma has 
been the aim of many studies since the introduction of 
Dukes’ classification.® An improved prognostic capabil- 
ity would enable surgeons to identify subgroups at high 
or low risk, could conceivably help determine the type of 
operative procedures that should be performed and help 
determine the need for adjuvant therapy. Furthermore, 
a more precise prognostication would also be helpful in 
evaluating the results of different therapies and different 
series, as well as to allocate follow-up resources more 
effectively and efficiently. 

A host of clinical and pathologic features have been 
previously analyzed by univariate analysis in an attempt 
to identify prognostic indicators. Little emphasis has 
been given to the relative contribution and importance 
of each of the parameters evaluated. Chapius et al.” ana- 
lyzed 709 patients with colon or rectal adenocarcinoma, 
using Cox multiple regression. They found that clinico- 
pathologic stage was the major determinat of prognosis, 
but also identified several other significant independent 
variables, including age, histologic grade and venous in- 
vasion. However, they did not group the significant vari- 
ables to assess their combined impact on estimated 
long-term survival, nor did they try to refine the staging 


method. The multivariate analysis performed by us had 
identified the importance of four independent factors in 
the long-term prognosis of patients with rectal carci- 
noma after curative resection: Dukes’ stage (B compared 
with C), race (Caucasians compared with blacks), tumor 
morphology (exophytic compared with nonexophytic), 
and the absence or presence of lymphatic and/or vascu- 
lar microinvasion. By considering all four variables si- 
multaneously and calculating the predicted 5-year sur- 
vival for the 16 different subgroups, the Dukes’ steging 
has been refined in a clinically useful manner. For ex- 
ample, some patients with a Dukes’ stage C tumcr have 
higher estimated probabilities of survival than others 
with a Stage B tumor. For the sixteen subgroups, the 
probability of surviving for 5-years ranged from a high 
of 92%, predicted for Caucasian patients with Stage B, 
exophytic tumors and no evidence of vascular or lym- 
phatic microinvasion, to a low of 14%, predicted for 
black patients with Stage C, nonexophytic tumcrs with 
microinvasion. By comparison, using Dukes’ staging 
alone, the predicted 5-year survival rate for our popula- 
tion was much less precise: 73% for those with Stage B 
tumors and 41% for those with Stage C. Since all four 
characteristics are readily known after surgery, our more 
specific classification can be used to inform the patient 
as to his long-term prognosis and to identify subgroups 
of patients who might benefit from adjuvant therapy 
and more intense follow-up. 

Patient outcome characteristics of our population are 
similar to other large series of patients with rectal adeno- 
carcinoma that were reported in the literatare.'°-'> 
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TABLE 3. 5-Year Survival Rate, Local Recurrence Rate and Hospital Mortality in Recent Large Series on Surgical Treatment of Rectal Carcinoma 
ce ee 


5-year Survival 


l l Local Hospital 
No. of Potentially Absolute Cancer Relative Recurrance Mortality 
Author Year Curable Patients (%) (%) Rate (%) (%) 
Lockhart-Mummery 1976 1931 56.6 68.4 —/ 21.-7.0 
Whittaker and Goligher 1976 407 48.8 56 = 9.6 
Dukes’ A: 80 Dukes’ A: 91.9 — 
Dukes’ B: 62 Dukes’ B: 71.3 — 
Dukes’ C: 32.8 Dukes’ C: 37.7 — 
Patel 1977 435 54 59 24 2.5 
Dukes’ A: 65 Dukes’ A: 77 Dukes’ A: 13 
Dukes’ B: 63 Dukes’ B: 65 Dukes B: 17 
Dukes’ C: 30 Dukes’ C: 33 Dukes’ C: 37 
Localio 1983 646 60.6 — 2.2 
Dukes’ A: 88.6 — Dukes’ A: 2.6 
Dukes’ B: 57 — Dukes’ B: 13.3 
Dukes’ C: 36 — Dukes’ C: 25.2 
Enker 1986 412 54.2 58.8 27.5 1.9 
Dukes’ A: 80.5 - Dukes’ A: 84.4 Dukes’ A: 13.5 
Dukes’ B: 47,7 Dukes’ B: 57.6 Dukes’ B: 29.7 
Dukes’ C: 35.9 Dukes’ C: 37.1 Dukes’ C: 41.3 
Davis 1987 235 41.9 54.9 ra 3.0 
Dukes’ A: 74.8 Dukes’ A: 97.8 — 
Dukes’ B: 55.2 Dukes’ B: 72.2 — 
Dukes’ C: 31.4 Dukes’ C: 40.1 — 
Present series 1988 154 52.6 53.1 12.0 3.0 
Dukes’ B: 59.5 Dukes’ B: 60.7 Dukes’ Bı: 0 
Dukes’ C: 42.9 Dukes’ C: 42.9 Dukes’ B»: 9.6 
Dukes’ C: 20.6 


Table 3 gives a comparison of the major features of each 
study. Although definitions of stages and survival rates 
differ, our survival rates lie within the range of results 
reported, and therefore the prognostic classification de- 
rived from our results should be widely applicable. 
Moreover, the identification of the four statistically sig- 
nificant prognostic variables is consistent with earlier 
work in this field. Most series have reported a decrease 
in the survival rate and an Increase in local recurrence 
associated with a Dukes’ C tumors.!*"'* The influence of 
race has been analyzed recently by the SEER program of 
the National Cancer Institute.’° According to these data, 
the 5-year survival rate for rectal adenocarcinoma was 
50% for Caucasian patients and 37% for black patients 
during the last period analyzed (1977-1983). A better 
survival rate for Caucasians has been observed in all 
periods analyzed since 1960. 

Rankin was the first to observe that patients with exo- 
phytic tumors had a better 5-year survival rate than pa- 
tients with nonexophytic tumors.'’ This finding has 
subsequently been confirmed several times,!®*! and 
again by our present findings of a statistically significant 
greater 5-year survival rate for patients with exophytic 
tumors, compared with that of patients with nonexo- 
phytic tumors. In an effort to explain the difference in 
long-term prognosis between exophytic and nonexo- 
phytic tumors, Cohen recently reported that exophytic 


tumors had a 34% incidence of bowel wall penetration, 
compared with a 77% incidence for nonexophytic 
tumors.'* Cohen concluded that exophytic tumors tend 
to grow toward the lumen, in contrast with nonexophy- 
tic tumors, which tend to grow into the bowel wall. Our 
conclusion that a significantly smaller percentage of pa- 
tients with exophytic tumors exhibited evidence of ex- 
tension through the bowel wall, compared with patients 
having nonexophytic tumors, provides further support 
to Cohen’s conclusion. Moreover, we have found that a 
significantly higher percentage of patients with nonexo- 
phytic tumors eventually develop distant metastases, as 
compared with patients with exophytic tumors. 

Many reports have dealt with the influence of vascular 
invasion by.colon and rectal cancers on the develop- 
ment of distant metastases and survival*?->!; some have 
pursued this investigation to its influence on local recur- 
rence.’ Minsky has recently examined the influence of 
lymphatic invasion on survival.’ Dionne, in an analysis 
of 1376 rectal carcinomas, observed that microscopic 
venous Invasion was associated with a 47% incidence of 
blood-born metastases, in comparison with a 27% inci- 
dence in the absence of venous invasion.” Sunderland 
was the first to correlate vascular invasion with poorer 
long-term survival,” a finding later confirmed by Swin- 
ton” and Talbot.” This was also the conclusion reached 
by Rich, who was the first to highlight the increased rate 
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of local recurrence in tumors with vascular invasion.” 
Recently, Minsky has found that lymphatic vessel inva- 
sion is statistically significant as a prognostic variable 
having a negative influence on 5-year survival.’ In our 
series, the overall incidence of vascular and/or lym- 
phatic invasion is 61%, and parallels the experience of 
Minsky, who found a 48% incidence of vascular inva- 
sion and a 9.5% incidence of lymphatic invasion. More- 
over, in concert with the above reports, we have found 
that the presence of vascular and/or lymphatic invasion 
js associated with a statistically significantly decreased 
long-term survival, as well as with a significantly in- 
creased likelihood of developing a local recurrence. The 
more aggressive nature of rectal adenocarcinomas with 
vascular and/or lymphatic microinvasion is supported 
further by the finding that, in our sample, a significantly 
greater percentage of these tumors extended through the 
bowel wall and eventually developed distant metastases. 

Because of the small number of our patients who de- 
veloped a local recurrence (n = 18), we were unable to 
perform a similar multivariate analysis on these data. 
Univariate analysis of the incidence of local recurrence 
revealed statistically significant associations with Duke’s 
staging, lymphatic and/or vascular microinvasion, and 
histologic cell type. The mucinous type of rectal adeno- 
carcinoma had a statistically significantly higher inci- 
dence of pelvic recurrence than the intestinal type ade- 
nocarcinoma (45.5% vs. 9.6%, respectively). This is in 


_ agreement with Moossa, who calculated a 28% local re- 


currence rate in 25 “colloid type” adenocarcinomas, 
compared with a 19% rate for 127 “intestinal type” ade- 
nocarcinomas.** We suggest that this analysis may be 
used in selecting patients for postoperative radiation 
therapy. 

In conclusion, the results of our study confirm the 
well-established prognostic value of the Duke’ staging 
classification for carcinoma of the rectum. Further, the 
analysis reveals that race, tumor morphology and the 
presence or absence of lymphatic and/or vascular mi- 
croinvasion influence outcome significantly. By associ- 
ating these four statistically significant and independent 
variables, the prognosis for any individual patient or 
groups of patients can be estimated more precisely than 
by Dukes’ staging alone (Fig. 5). Moreover, univariate 
analysis of the data pertaining to the local recurrence 
rate has demonstrated statistically significant associa- 
tions with Dukes’ staging, lymphatic and/or vascular 
microinvasion, and histologic cell type. 
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DISCUSSION 


DR. RICHARD E. WILSON (Boston, Massachusetts): I congratulate 
Dr. Michelassi and Dr. Block for this comprehensive retrospective 
review of rectal cancer treated between 1955 and 1981. The manu- 
script, which I enjoyed reviewing, extensively correlates biclogic vari- 
ables with prognosis for regional and distant recurrence and survival. 

I generally concur with their observations. A similar review of pa- 
tients with rectal cancer operated on at the Brigham Hospital con- 
firmed that stage of disease was the most important indicator for recur- 
rence and survival. The low rectal cancers recurred uniquely in the 
region of the disease rather than distantly, and this occurred also in this 
study. The data from this study showed the dangerous effect of endo- 


_ phytic lesions, and vascular and lymphatic invasion which are impor- 


tant risk factors. It must be stressed, however, that there are serious 
defects in the Dukes’ staging system because the tumor size, extent of 
tumor involving the circumference of the bowel, and the site and 
number of involved lymph nodes are not a part of that staging system, 
and therefore there is a broad group of patients within each stage. 

I was struck by the continued worse prognosis for black patients in 
this study. One could not help wondering whether or not with black 
patients generally having less appropriate medical care in this central 
city, that the stage of the disease, although the same, was at the much 
worse end of the spectrum for these disadvantaged patients. 

The same was true for breast cancer in the American College of 
Surgeons study that we carried out, where the black patients had a 
continual significant worsening of prognosis without any definite stage 
or type differential. 

Hopefully, newer studies using DNA anélysis and histochemical 
classification, which are both available by biopsy before operation in 
rectal disease, might affect plans for surgery. I wonder if the authors 
have used this approach more recently? 

However, my main comments relate to the potential for adjuvant 
chemoradiotherapy, especially with a cancer showing an important 
incidence of regional disease. Significant improvement in disease-free 
survival and overall survival was seen in the multicenter GITSG study 
where postoperative chemoradiotherapy showed significant differ- 
ences from surgery alone, chemotherapy alone, and radiation therapy 
alone for both survival and disease-free survival in rectal cancer. The 
GI consortium is continuing with these trials as a prospective random- 
ized approach to determine more effectively the interaction of chemo- 
therapy and radiotherapy in rectal cancer. 

These types of approaches will be necessary to alter the outcome for 
this disease, as I doubt that there is any difference in those life table 
survival curves in the past 30 or 40 years. 


Dr. CLAUDE WELCH (Boston, Massachusetts): I congratulate the 
authors on this article and I rise to support many of their conclusions, 
but I also have one of the same worries as Dr. Wilson has. 

I want to touch primarily on the question of the pelvic lymph node 
dissection. Many years ago with a long experience by Dr. Meigs with 
this dissection for cancer of the female pelvic organs, particularly the 
cervix, the conclusion was reached that if this operation were done 
widely it would work well if nodes were not involved. However, if the 
nodes were involved, the patients had a tendency io die. 

We as surgeons are much taken with these beautiful pictures of the 
lymph node dissection, but I believe we have to recognize that there is a 
great deal of further operating time and difficulty involved in the 
lymph node resection. 

I would like to ask the authors how many of their patients who did 
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turn out to have positive lymph nodes survived the 5-year period? 

I also want to call attention to the alternative method suggested by 
Dr. Wilson. Our series at the Massachusetts General Hospital has been 
following this particular line because we have been using postoperative 
radiation therapy for selected patients, with B-2 and C lesions, rather 
than wide lymph node resection. Our cases, of course, have been 
matched with historic controls. There have been no prospective studies 
that have been worthwhile so far, but they now are in prospect. 

I ask the authors whether or not they believe that this might be a 
reasonable or even better alternative to their widespread lymph node 
dissection, and perhaps we could solve this problem which has been a 
rather burning controversy among colon and rectal surgeons for a long 
time. 


Dr. A. R. Moossa (San Diego, California): It is always an honor to 
discuss a paper from my former alma mater. The authors have set the 
gold standard for the surgical treatment of rectal cancer by reviewing 
their experience with patients treated between 1965 and 1981. The 
results are especially impressive for Dukes’ C tumors. If my memory 
serves me right, George Block left the Astler-Coller scene at Michigan 
to join the University of Chicago around 1965. Hence, these superla- 
tive results are largely due to his personal efforts. A 3% operative 
mortality rate in 154 curative resections with no anastomotic leak is 
indeed impressive. 

For the patient with rectal cancer, the end result is judged by two 
parameters: survival and pelvic—perineal recurrence. Dr. Block and his 
colleagues have used sophisticated multivariate regression analysis to 
identify factors that impact on patient outcome. They have confirmed 
our previous experience that Dukes’ staging, vascular—lymphatic mi- 
croinvasion, and histologic type are important prognostic factors. In 
addition, they have demonstrated that tumor morphology and race are 
two independent variables that also affect the end result. 

I share Dr. Block’s belief that the length of distal margin and pelvic 
lymphadenectomy are important but, unfortunately, due to relatively 
small numbers, the authors could not demonstrate statistical signifi- 
cance. I have three questions for the authors. 

Is there any difference in outcome between male and female patients 
in this series, either in terms of survival or local recurrence? 

Having delineated the prognostic factors after proctectomy, do they 
routinely give the high-risk patients postoperative adjuvant radiother- 
apy and/or chemotherapy? 

Have they attempted to stage the patient before operation using CT 
scan of the pelvis or pre-rectal. ultrasonography with a view toward 
giving preoperative radiotherapy to the most unfavorable lesions? 


DR. JEROME J. DECOSSE (New York, New York): I do not believe 
that we have previously seen the presentation of the cells in relation- 
ship to prognosis. It is the best illustration I know of the interaction of 
prognostic factors and the cumulative effect of those not only for 
prognosis but also potentially serving as the basis for treatment selec- 
tion of other adjuvant therapies. I congratulate the authors on this 
added contribution. 


Dr. GEORGE E. BLOCK (Closing discussion): Dr. Michelassi and I 
thank the discussants for their questions and for their kind remarks. 

Dr. DeCosse, we are most appreciative of your generous comments 
about the cells that ‘illustrated our findings. We believe that these 
conclusions are the major cantributions of our work. I had asked Dr. 


_ Moossa to say the same thing, but he refused to do so. (Laughter) 


Dr. Moossa, in answer to your question, we were surprised that there 
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was no difference between the sexes. I had anticipated, because of the ` 
ease of dissection and the more complete dissection usually obtained in _ 


the female pelvis, that we would demonstrate a favorable bias for the 
female; this did not appear. 

As far as radiation therapy is concerned, for some time we have 
identified microinvasion and mucinous tumors as being determinant 
for local recurrence; these are the individuals for whom we have chosen 
postoperative irradiation. Until our analysis was completed we had not 
identified the other variables, but now we will use all identified prog- 
nostic factors in considering radiotherapy. 

In this country somewhere between 10 and 15% of the patients have 
a local recurrence of rectal cancer after resection. Why then radiate the 
other 85%? We hope our paper is a contribution towards selection. 

Unfortunately, one cannot always determine microinvasion and 
sometimes the mucinous characteristics of the tumor by preoperative 
biopsy. We usually require the entire operative specimen to make these 
determinations. We have: not found CAT scans: to be helpful in a 
precise determination of staging or for selection. Ultrasound, however, 
may be a more precise diagnostic tool. 

Dr. Welch, the extent of lymphadenectomy was one of the arms of 
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our study. We were not able to demonstrate statistical significence. 
However, there appeared to be a favorable bias both in terms of ‘ocal 
recurrence and survival favoring lymphadenectomy. The gross sur- 
vival for patients with the extended lymphadenectomy was 60 versus 
49%. The local recurrence was 9 versus 16%, but because of the limited 
numbers, these did not reach statistical validity. Our analysis stopped 
in 1981, but we hope in a few years to be able to have accrued enough 
patients to answer that question prospectively. 

Dr. Wilson, the poorer survival of the black patients apparently did 
not have any socioeconomic connotation. Stage for stage, and in all 
multivariate analysis, there seems to be an inherent poorer prognosts 
for the black patients. | 

The second slide that Dr. Michelassi showed had all the various 


- factors that we studied by our univariate and multivariate analysts. Of 


these we sifted down to four components that appeared to be indepen- 
dently and dependently influencing the outcome as determined by 
survival and by local recurrence of the rectal cancer. 

We hope that this is a contribution that improves our ability far 
prediction of outcome for patient counseling, our selection of opera- 
tion, and the use of adjuvant postoperative therapy. 
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ACADEMIC ONCOLOGIST—BC/BE to join a group of 5 
hematologist and oncologists at the Jackson VA Medical Center, a 
major affiliate of the University of Mississippi School of Medicine. 
This is a growing medical service, highly active in all aspects of 
academic work (patient care, research, and teaching). SWOG 
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Chapman, M.D., Chief, Medical Service, VA Medical Center, 
1500 E. Woodrow Wilson Drive, Jackson, MS 39216 or call 
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ANNOUNCEMENT-—~Baylor University Medical Center, Dallas, 
Texas: “Oncology Practice 1989: A Perspective on Breast Cancer,” 
, 3rd Annual Conference, Snowmass, Colorado, January 29-Febru- 
ary 3, 1989. For further information, contact: Stephen E. Jones, 
M.D., Charles A. Sammons Cancer Center, Room 4800, Baylor 
University Medical Center, 3500 Gaston Avenue, Dallas, Texas 
75246. Phone: (214) 820-2021. l 


CARDIOVASCULAR SURGERY FELLOWSHIP: One to two 
year fellowship in cardiovascular surgery offered to Board eligible 
general surgeons who have interest in thoracic surgery, but have not 
obtained thoracic residency. 1000+ cases per year practice, and 
affiliation with University service. Position noncredited for Thoracic 
Board Certification. Portland is located in the Pacific Northwest on 
the Willamette and Columbia Rivers. We are in one of the best 
outdoor recreational areas of the U.S., within one hour’s drive to 
either snow skiing, ocean beaches or fishing. Portland has many fine 
cultural and educational events to participate in. Please send CV’s 
and salary requirements to: Albert Starr, M.D., 9155 S, W. Barnes 
Road, Suite #240, Portland, Oregon 97225. 





CHAIRMAN, DEPARTMENT OF SURGERY: The College of 
Medicine, University of Tennessee, Memphis, seeks applications for 
the position of Professor and Chairman of its Department of Surgery. 
The department is located on the campus of one of the nation’s 
largest health science centers and consists of the divisions of general, 


- cardiothoracic, peripheral vascular and plastic surgery. Major clinical 


and research programs exist in transplantation, trauma and burns. 
Candidates should hold the M.D. degree or equivalent, and be board 
certified in Surgery, have strong credentials in education and research 
and be capable of providing vigorous academic leadership for the 
further growth and development of this major clinical department. 
Candidates are requested to submit a curriculum vitae and names 
and addresses of three references no later than November 1, 1988 
to Clair E. Cox, M.D., Chairman of the Surgery Advisory 
Committee, The University of Tennessee, Memphis, College of 
Medicine, 800 Madison Avenue, Memphis, Tennessee 38163. As 
an equal opportunity employer, The University of Tennessee, 
Memphis is committed to an aggressive affirmative action effort. We 
urge qualified minority candidates to apply. 


CHAIRPERSON-—~DEPARTMENT OF SURGERY: Hahne- 
mann University is seeking candidates for appointment as Chairper- 
son of the Department of Surgery. Candidates should send a 
curriculum vitae to: HAHNEMANN UNIVERSITY, C/O Search 
Committee for Surgery, MS 477, Broad and Vine Streets, 
Philadelphia, PA 19102-1192. CV’s must be received by Oct. 31, 
1988. HAHNEMANN UNIVERSITY is an equal opportunity/ 
affirmative action employer. 


COLORADO PERMANENTE MEDICAL GROUP is an 
expanding multispecialty prepaid group practice caring for members’ 
of the Kaiser Foundation Health Plan. Position available imme- 
diately for BE/BC general surgeon to join existing ten physician 
department. Competitive salary and benefits. Contact: V. A. 
LaFleur, M.D., Associate Medical Director, Colorado Perma- 
nente Medical Group, PRC., 2045 Franklin Street, Denver, CO 
80205 (303) 861-3263. EOE 


GENERAL SURGEON (BC/BE) TO JOIN PRIVATE 
GENERAL SURGERY PRACTICE. Competitive guaranteed 
compensation plus benefits. Excellent location in expanding South 
Georgia Area. Please send CV, salary requirements, etc. RO. Box 
979, Douglas, GA 31533. 


GENERAL SURGEON—Mature, board certified general surgeon 
for full-time position at Muskogee Veterans Administration Medical 
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minor surgery, and some liaison duties on the subspecialty services 
with potential for resident instruction and faculty appointment at 
University of Oklahoma Tulsa Medical College. Salary and faculty 
appointment dependent upon qualifications. Generous benefits 
package. Reply to C. Douglas Wood, M.D., Chief, Surgical 
Service, VA Medical Center, Honor Heights Drive, Muskogee, 
OK 74401. Phone (918) 683-3261 X 300. EOE. 


GENERAL SURGEON—Third General Surgeon needed at PHS/ 
Indian Health Hospital in Claremore, OK (near Tulsa). Excellent 
working/living conditions. Employment possible as Civil Servant or 
Commissioned Officer. Address C.V. to: Blaine M. Sayre, M.D., 
Clinical Director, PHS Indian Hospital, Claremore, OK 74017, 
(918) 341-8430. 


~ GENBRAL/VASCULAR SURGEON—North Carolina, New 


Jersey, and Nationwide Opportunities. BE/BC. Dr. Len Goodman, 


‘ SMA; BO. Box 25786, Charlotte, NC 28229, 704-536-2527. 


KANSAS, SURGEON: We are seeking a general surgeon inter- 
ested in a full-time private practice opportunity in the greater Kansas 
City area. For additional information, please send current CV to Kim 


: Weaver, Emergency Medical Services, 3101 Broadway, Suite 
‘1000, Kansas City, Missouri 64111; or call 1-800-821-5147 or 


- 816-561-1025. ; . 


_ -PEDIATRIC SURGEON —East Tennessee State University Col- 
`. __ lege of Medicine is seeking a Director of the Division of Pediatric 


Surgery and ‘an additional pediatric surgeon for immediate appoint- 
ment to the faculty. Rapidly growing active c.inical practice covering 
a referral base of over one million people and research opportunities. 
Full faculty benefits and insurance coverage, competitive salary plus 


. no-cap faculty practice plan. Pleasant living conditions in growing, 


economically healthy, picturesque Appalachian region of Upper East - 
Tennessee with close access to lakes, mountains and southern ski 
areas. Interested Board Eligible/Board Certified individuals are 
invited to send current CV to Barbara O. Kimbrough, M.D., 
Interim Chairperson, ETSU Department of Surgery, Box 
19750A, Johnson City, TN 37614 or call (615) 929-6268. ETSU 
is an affirmative action/equal opportunity employer. ETSU employs 
only U.S. citizens and aliens authorized to work in the United States. 


Surgeons to join 3 man multi-specialty surgical group in Northeast 
Philadelphia. Preference given to candidates with oncologic, chest, 
endoscopic, or other specialty training. Submit resume and letters of 


recommendation. Robin E. Rosenberg, M.D., Surgical Services, | 


Ltd., 9892 Bustleton Avenue, Philadelphia, PA 19115. 


SURGERY: GENERAL —well established 2-man general surgical 
practice in rural Central Wisconsin seeking third BC/BE surgeon. 
Challenging broad-based surgical practice combined with attractive 
lifestyle. Area abounds with outdoor activities. Send CV to: Berlin 
Surgical Associates, RO. Box 20, Berin, WI. 54923 (414-361- 
4306). 
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BE/BC general ‘surgeon for summer ’89 to join 


. regional satellite of 15 Straub physicians in new 


medical office building and new hospital. 


Straub is a 130-physician, multi-specialty group with 
our own 162 bed hospital and 7 satellites on the 
island of Oahu. 


Salary first year; equity participation possible after 
two-year associate period. Comprehensive fringe 
benefits. Combine the advantages of group practice 
with the pleasures of America’s best climate, year 
round leisure activities, and culture diversity. 


CONTACT: 
Alan B. Hawk, M.D. 
MEDICAL DIRECTOR 
STRAUB CLINIC & HOSPITAL 
888 S. KING STREET 
HONOLULU, HAWAII 96813 
(808) 522-4106 
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- FELLOWSHIP 
UNIVERSITY OF CHICAGO 


Available July 1, : 1989, Candidates must be 


Board eligible in General Surgery or surgical 


subspecialties. Call or write: 


Fabrizio Michelassi, M.D. 
The University of Chicago 
Medical Center 
Department of Surgery (Box 168) 
5841 South Maryland Avenue 
Chicago, Illinois 60637 
(312) 702-6237 


Deadline for application: December 31, 1988 


© ne 
2a ® 
KAISER PERMANENTE 
Good People. Good Medicine 


GENERAL SURGEONS 


Prepaid group practice desires to increase general 
surgery staff. Looking for general surgeons interested 
in building a department. Physicians must be from 
high quality residency programs. Positions available 
immediately. Presently one surgeon on staff with 
membership of approximately 35,000. C.V.s to: 


Eric Cornwell, M.D. 
Chief of Surgery 
Kaiser Permanente Medical Group, Inc. 
1305 Tommydon St. 
Stockton, CA 95209. 
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The Dartmouth-Hitchcock Medical Center presents 


The Diabetic Foot: New Concepts 
in Diagnosis and Treatment — 


AT TOPNOTCH RESORT 
STOWE, VERMONT 


March 16 and 17, 1989 


Faculty will include: 

Jack L. Cronenweit, MD-Dartmouth Medical School 
Michael S. Pinzur, MD-Loyola University Medical Center. 
James M. Seeger, MD 
-VA Medical Center, Gainesville, Florida 
Lee A. Witters, MD-Dartmouth Medical School 


The Dartmouth-Hitchcock Medical Center designates this 
continuing medical education activity for 10 credit hours in 
Category 1 of the Physician's Recognition Award of the 
American Medical Association. 


For information, brochure, or registration, write or call: 
Office of Continuing Education in the Health Sciences, 
Dartmouth-Hitchcock Medical Center, 
Hanover, New Hampshire 03756 - (603) 646-5744. 





CHAIR 
DEPARTMENT OF SURGERY 


THE ALLENTOWN HOSPITAL — 
HOSPITAL CENTER LEHIGH VALLEY 
A COMPONENT OF HEALTHEAST 


800 - bed regional tertiary care university affiliated teach- 
ing hospital is seeking a Chairman for the Department 
of Surgery. The Allentown Hospital — Lehigh Valley Hos- 
pital Center was the first Level I Trauma Center in the 
state and performs over 1000 open heart surgery cases 
per year. The hospital sponsors accredited residency 
programs in general, plastic, and colon and rectal sur- 
gery. It is a component of HealthEast, a regional not -for - 
profit multi -hospital system, and a clinical campus of 
Hahnemann University in Philadelphia where the suc- 
cessful candidate will hold a vice-chair appointment in 
the department of surgery. The Allentown Hospital — 
Lehigh Valley Hospital Center is located in Allentown, a 
growing metropolitan area in Eastern Pennsylvania in 
close proximity to both Philadephia and New York. 


Board certified surgeons with administrative experience 
and familiarity with both academic and community 
hospital environments should write or call for more infor- 
mation or send curriculum vitae in confidence to: 


QO HealthSearch 


George W. Hartzell, Jr., M.D. 


Chairman, Search Committee 
c/o HealthSearch 
50 College Drive 


Allentown, PA 18104 
(215) 778-7993 


Equal Opportunity Employer 
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Effective anorectal therapy begins with 
ANUSOL® Offering prompt relief of pain, 
burning, and itching, ANUSOL allows 
anorectal patients to eontinue an active 
life-style. The rapid anesthetic action of 
pramoxine hydrochloride—available in ointment 
form—is as potent as benzocaine, but well 
tolerated and less sensitizing. And both 
ointment and suppository forms offer 
astringent and protectant properties to 
soothe irritated anorectal tissue. 

















To help put an end to anorectal discomfort, 
start your patients on the leading therapeutic 
choice for anorectal relief...recommend ANUSOL. 













To receive a complimentary supply of patient 
booklets on anorectal care, along with an easel 
display, call 1-800-537-5179. 
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